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OBSERVATIONS ON THE RATE OF PROPULSION OF WATER AND RETENTION OF 
COLIFORM BACTERIA BY THE OYSTER 


By Paul S. Galtsoff, Research Biologist, Shellfish Laboratory, Fish 

and Wildlife Service, Woods Hole, Massachusetts, and William Arcisz, 

Bacteriologist, Shellfish Sanitation Laboratory, U. S. Public Health 
Service, Woods Hole, Massachusetts 


For respiration and feeding, oysters and other pelecypod mollusks depend 
on a continuous propulsion of water through their gills. The pumping mechan- 
ism consists of a very complex system of folds and tubes covered by rows of 
ciliated cells some of which beat inward and force the water through the 
small openings, so-called ostia, into the water tubes and cloaca. During 
this passage some of the particles suspended in water are retained by the 
gills. They are enmeshed in mucous secreted by the gill epithelium and are 
pushed toward the mouth and into the digestive tract. Part of this material 
may be discarded before it has reached the mouth. It is usually referred to 
as pseudofeces. 


Two organs, independent of the pumping mechanism of the oyster, regulate 
the access of water to the gills. The adductor muscle controls the opening 
and closing of the oyster shell, while the mantle guards the gill chamber. 
The free edges of the mantle are beset with highly sensitive tentacles and 
the entire organ, abundantly supplied with muscle fibers and nerves, retracts 
or expands depending on circumstances. The two opposing edges of the mantle 
may remain far apart closely adhering to the shell and providing free access 
of water to the gills. They occupy this position when the oyster is actively 
feeding. On the other hand, they may bend toward each other, the tentacles 
of the opposite sides interlocking and completely closing the gill chamber. 
In this position no water has access to the gills in spite of the fact that 
the shell is open. 


; Bacteriological studies (Gorham, 1912; Round, 1914; Hunter and Harrison, 
1928) and physiological experiments (Galtsoff, 1928: Hopkins, 1933; Th. Nel- 
son, 1938) firmly established the fact that the rate of propulsion of water , 
decreases or increases with the fall or rise in temperature. Water currents 

produced by the ciliated epithelium of the gill cease completely at 40°F. ; 
they reach the maximum at about 80°F. The response of the isolated gill 
epithelium to temperature changes is so definite that the relationship may 
be expressed by @ suitable mathematical equation and represented graphically 
by 2 curve. Feeding behavior of an intact oyster is, however, more complex. 
It is true that the pumping capacity of the gill epithelium is controlled by 
temperature, but within the limits attainable at a given temperature the oys- 
ter may change the rate of propulsion of water, apparently, in response to 
its needs. As an illustration, we may cite an experiment conducted in our 
laboratory in which the oyster, kept under stable conditions, propelled the 
water at three distinctly different rates. This is clearly shown in a dia- 
gram summarizing 90 hours of continuous recording made on a large adult oys- 
ter kept in running sea water at the temperature of 16.8°C. (Fig. 1). Dur- 
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ing the first period of activity the rate of propulsion did not exceed 2 
liters per hour; during the second period it varied between 1.7 and 5.8 
liters per hour, and at last it increased to a higher level between 3.5 and 
7.2 liters per hour. The recording was made by means of constant level 

tanks (Galtsoff, 1926; Galtsoff and Chipman, 1949) combined with the apron 
technique of Nelson (1935, 1936). The general arrangement of the apparatus 
used is shown in Figure 2. For the purpose of the present investigation it 
was found convenient to record the rate of propulsion of water not by a dump- 
ing vessel previously described by Galtsoff and Chipman (1949) but by means 
of a small water wheel. Each revolution of this wheel, recorded by the writ- 
ing lever, corresponded to the discharge of 80 ml. of sea water. The wheel 
was made of plastic; it was calibrated by pouring measured volumes of sea 
water and recording the number of revolutions. Its accuracy was found to be 
?/ 5 percent. 


Substances to be tested were delivered either through a mixing chamber 
(Fig. 2) or added directly to the gills through a capillary tubing placed in 
front of the gaping valves of the oyster. Hach test was started by adding 
plain sea water. After 20 minutes of operation, the two-way stopcock was 
turned to deliver the material which was being tested. It was found that a 
continuous stream of water striking the mantle and gills has no effect on 
shell movement and on ciliary motion. 


Oysters used in these experiments were large sized adults from Prince 
Edward Island. They were kept for at least 60 days in the laboratory tanks 
and were fully adjusted to their environment. Their dimensions were as fol- 
lows; Size--14.6 by 8.0 and 11.7 by 7.1 cms.; total weights--305 and 227 
grams; weight of meat--45.1]1 and 35.8 grams, wet; and 7.7 and 4.1 grams, dry. 
The rate of propulsion of water at the time of the experiments varied between 
3 and 4 liters per hour. The temperature range was 13.0 to 13.2 in the first 
experiment and 16.8 and 18.0°C. in the second one. 


The following bacteriological procedure was employed; A suspension of 
Escherichia coli was prepared by washing the growth from en agar slant con- 
taining approximately 25 billion organisms into 100 ml. of phosphate buffered 
dilution water. Appropriate dilutions were made of the initial suspension so 
that when a calculated amount was added to the sea water entering the mixing 
chamber and oyster tank, it contained between 20,000 and 30,000 E. coli per 
100 ml. 


The reaction of oyster to the presence of an irritating or harmful sub- 
stance in the water usually consists in a series of partial or complete clo- 
sures of the valves and in the reduction in the rate of propulsion of water. 
When the increase of its concentration is gradual and the disturbing agent 
acts slowly, the oyster responds by typical "stairway" contractions of the 
adductor muscle, each consecutive contraction starting from the level reached 
before. As can be seen from the records obtained during our experiments 
(Figs. 3, 3a and 4) the oyster remained completely indifferent to the pres- 
ence of E. coli in the concentrations varying from 20,000 to 35,000 per 100 
ml. Likewise, . heavy suspensions of E. coli of about 500,000 organisms per 
100 ml. supplied directly to the mantle and gills have no effect on shell 
movements and on-rate of water propulsion. 
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-hell movement 


Sscherichia coli 


Shell movement and rate of water propulsion 
of oyster recorded by means of the water 
wheel. It shows no reaction of oyster where 
4. COli was added. (The space between the 
two Arrows. ) 


Figure 3. 


Figure 4. 


Rate of water propulsion (dumping vessel 1) 
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Rate of water propulsion and shell movement when 8. coli 
was added directly to the gills of the oyster. At first, 
sea water was delivered directly to tne gills from one of 
the flasks shown in Figure 2. Then by turning the two- 
way cock to the flask containing 4H. coli. No significant 
changes were noticed. A lack of vertical marks on upper 
line imnediately after uw. coli was cut off was due to the 
fact that oyster effluent was disconnected from the dump- 
ing vessel and the water was collected in a carboy for 
checking up tne capacity of tne vessel. 


We deduce from these observations that within the limits of the con- 
centrations of BE. coli used in our experiments the oyster is indifferent to 
the presence of this microorganism in the water. 


To study the retention of coliform bacteria by the oyster, the sea 
water in which the EB. coli were suspended was examined for the presence or 
absence of these organisms. A period of 15 minutes was @llowed for the pas- 
sage of the BE. coli from the pollution reservoir through the mixing chamber 
to the oyster tank. 


Samples of water in the mixing chamber and of water which had passed 
through the oyster were collected simultaneously at the following intervals: 


1. O hour or 15 minutes after pollution added to 
mixing chamber 

2. 15 minutes 

3. 1 hour 

4. 2 hours 

5. 30 minutes after pollution had been cut off 


Samples of water from the mixing chamber were withdrawn by 4@ pipette 
into sterile test tubes. The water discharged from the oyster was collected 
in a test tube from the discharge tube immediately above the water wheel. In 
all instances the Bb. coli densities were determined by using the membrane 
filter disc, and placing it on Albimi M. medium for a preliminary 2-hour in- 
cubation. The discs were transferred to B.H.C. modification of Endo medium 
and incubated for an additional 14 to 16 hours. The colonies were then count- 
ed. The results are shown in Table l. 


Examination of the table shows that during the first 15 minutes after 
the start of pollution the two oysters retained 49 and 21 percent, respec- 
tively, of the BE. coli available in sea water. The accumulation of coliform 
bacteria in the body of the oysters soon reached the point at which no more 
microorganisms were retained and the effluent leaving their bodies contained 
more EB. coli than the surrounding water. This may be considered as an indi- 
cation of the elimination of accumulated pollution. In the second experi- 
ment (right column, Table 1), retention of HE. coli was renewed two hours 
after the beginning of pollution. Thirty minutes after pollution was cut 
off, the effluent of both oysters contained fairly large numbers of E. coli, 
indicating that the elimination process was under way. 


The number of the experiments is obviously too small to permit drawing 
final conclusions. The results are, however, in agreement with previous ob- 
servations of Galtsoff (1928) and may be therefore interpreted as an indi- 
cation of definite trends in the reaction of oysters to pollution; namely, 
that large percentages of coliform microorganisms pass freely through their 
gills and the discharge of the retained bacteria starts shortly after the 
pollution is cut off. 


Retention and elimination of Kk. coli by the oyster are probably associ- 
ated with the secretion and discharge of mucous by the gill epithelium. This 
tentative explanation is based on the findings of McGinnitie on the role of 
the mucous sheet in the feeding of pelecypods. 


TABLE 1.--Passage of BE. coli Through Oyster 


Organisms per 100 nl. 

Time Source of Sample Diff. Diff. 

Initial sea water 5 0) 

Pollution added 
O hr Mixing chamber 21,000 34,000 

Oyster effluent 10,000 -11,000 28,000 -6,000 
15 min Mixing chamber 19,000 35,000 

Oyster effluent 20,000 7 1,000 28,000 -7,000 
1 br Mixing chamber 11,000 29,000 

Oyster effluent 14,000 # 3,000 42,000 13,000 
2 hrs Mixing chamber =  ) -{----- 41,000 

Oyster effluent jg $$$ j{----- 27,000 -14,000 
30 min After pollution cut off 

Mixing chamber (e) 10 

Oyster effluent 3,200 7,100 


Two New Methods of Research on Behavior of the Oyster 
by 
Martin D. Burkenroad 


Institute of Marine Science 
The University of Texas 
Port Aransas 


The intact oyster presents a relatively limited range of behavior to ob- 
servation. In part, its responses really are limited, in accordance with its 
sessile life; but in addition the shell offers a considerable obstacle to the 
observer. The methods here described do not extend the range of observations 
very far, but may be of service. 


I. Observation through the transparent lower shell of young oysters. 


For a short time after attachment to the cultch, the upper shell of the 
spat is transparent enough to permit limited visual examination of the soft 
parts, and use has been made of this possibility by Prytherch, A. B. Hopkins 
and others. However, as the oyster grows, it secretes a thicker horny layer 
(periostracum) at the edge of the upper shell, and although the calcareous 
layers secreted inside the horny layer remain glassy for @ time, the pig- 
mented, translucent horn soon obscures the view of the growing oyster com- 
pletely. 


In the course of work supported by the Freeport Sulphur Company in 1947- 
1949, it was noted that while the thin new growth at the edge of the adult 
oyster's upper shell is limber and horny, the corresponding shell-shoots of 
the lower valve are brittle and have a relatively low organic content. In 
agreement with this, a horny skin is conspicuous over the whole surface of 
the upper valve, but wherever the lower valve projects free of the surface to 
which it is attached, the limy layer is bare. This difference between the 
left and right valves occurs in both Crassostrea virginica and Ostrea eques- 
tris, so may be characteristic of the whole group. It may have been previ- 
ously observed, but so far I have not been able to find an account of it. The 
difference would suggest that the lower valve of the young oyster, which is 
applied to the cultch, might, if exposed, prove to be more transparent, and 
transparent for a longer period, than the upper valve. 


During studies undertaken at the Institute of Marine Science in 1950 for 
the Connecticut State Water Board, it was wished to observe the internal re= 
sponse of the undisturbed oyster to particles in the water. Young oysters, 
both C. virginica and 0. equestris, which had set on clean glass, were exam- 
ined through this transparent substratum. The lower valve proved to be as 
transparent as the glass to which it was attached, and this condition some- 
times persisted until the spat were more than a centimeter long. At a vary- 
ing size, opaque white patches developed in the shell, and gradually spread 
to block the entire view. 


Under the dissecting microscope, the view of the oyster in action was 
fascinating. Particles whisked along the gills and were passed between the 
cupped palps, where they joined a stream of particles already received which 
circled rapidly in this sorting-chamber, clusters breaking into their com- 
ponents. At one side of the chamber, a selection of particles from the cir- 
culating stream was flicked into the mouth, while at the other side of the 
chamber was an area in which particles were sorted from the stream and 
passed to the mantle surface. At times, even though the water in which the 
oyster was placed remained unchanged and particles continued to enter and 
leave without a check, nothing was taken into the mouth. Since swallowing 
might later be resumed without obvious external cause for the change, it 
seems evident that feeding-rate may be in part independent of pumping-rate 
and of the nature of the materials suspended in the water. 


The oyster in operation looks like a model of an automatic factory or 
power-plant, with an ordered confusion of express conveyor-belts continuously 
hurrying a mixture of raw materials past the entrance to a reactor, into 
which a selection of raw material is sorted as and when required. Feces, 
ejected at the other end of the gut, puff out like smoke from a busy chimney. 
At intervals, the conveyor belts fold together and the pump slows and stops 
as the whole operation is shut down. 


The observations which I have made by the method are limited, and suf- 
fice chiefly to indicate that much can be learned by its use. Winston Men- 
zeél of Texas A. & M. College, working at the Institute of Marine Science, 
has however used the method for extensive investigations upon which his re- 
port is in preparation. A limitation of the method is, that the water-circu- 
lating system has not completely reached the adult state by the time opacity 
of the shell develops; and another is that a well-developed individual re- 
mains transparent for only a few days. On the other hand, the preparations 
are easily obtained, can be maintained without running sea-water, and lend 
themselves to many uses. The undisturbed living tissues can be examined un- 
der high powers of the compound microscope. The possibilities for cinematic 
recording are interesting, for purposes both of research and of educational 
exhibition. 


Il. Pattern of shell-opening under tension. 


In the course of work supported by Freeport Sulphur Company in 1947- 
1949, need was felt for an index of vigor which could be repeatedly measured 
in an individual oyster without injuring it, and which would be simple and 
rapid enough for application to large numbers of individuals. 


It is well-known that disease, injury or shock make it easier to insert 
and twist the shucking-knife; and it was noted that oysters in which windows 
had been inserted into the shell opened themselves sooner when undisturbed 
under water, and remained open more persistently, than intact controls. It 
therefore seemed possible that the response of an oyster to a short period 
of moderate pull on the shell might supply a useful routine test. 
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In order to disturb the oysters as little as possible in preparing then, 
it seemed best to apply the tension through rings cemented to the shell. A 
fairly satisfactory cement consists of fine sharp sand, 3 parts, to 1 part 
of U. S. Gypsum Co. Perf-a-Tape cement, mixed with the phenolic resin Casco- 
phen to form as stiff a putty as can be stirred. A cleaned area of shell 
over the adductor insertion is painted with Cascophen, the putty applied, 
and the legs of a U of wire inserted. The gypsum cement sets quickly enough 
to permit attachment of a ring to the other side of the shell an hour or so 
later. The prepared oysters are then hung overboard in wire baskets while 
the resin cures (good circulation being desirable because of the formaldehyde 
catalyst used to polymerize the resin). Within twenty-four hours the rings 
are usually able to support a pull of at least twelve pounds. One worker 
could, without much practice, probably apply fifteen to twenty-five rings per 
hour. After the resin has cured, the cement appears to be inert in seawater. 
Oysters suspended overboard from their rings were in good condition after up 
to twelve months. The principal drawback is that if ringed oysters are at 
any time kept out of water for many hours, so that the shells dry out thor- 
oughly, the cement becomes readily detached from the shell. 


The ringed oyster's response to tension may be tested by means of @ piv- 
oted beam, the long arm of which bears a sliding weight like a beam balance. 
At the tip of the arm is a kymograph pen or pointer. The ring cemented to 
one side of the oyster is slipped through a hook suspended by a chain from a 
hook on the short arm of the beam. The sliding weight is moved back to the 
pivot in order not to place strain on the oyster while it is being mounted 
in the apparatus. The ring of the opposite side of the oyster is hooked to 
a vertical screw in the base supporting the column on which the beam is piv- 
oted. By varying the length of chain and screw, the beam can readily be 
brought to horizontal with any oyster. A support is then swung under the 
beam to keep strain from the oyster while the weight is moved out to the po- 
sition giving the desired tension for the test and while the kymograph drum 
is being set against the pen. A second pen fixed to the base of the beam 
balance gives @ comparison line. The support used to stop the beam at hori- 
zontal is then replaced by one allowing a limited descent which will not 
strain the oyster's gape (in case the oyster opens with unexpected rapidity). 


Although the above may sound complicated, the first apparatus used was 
constructed from scrap with household tools in a few hours, and an oyster 
can be attached for test in considerably less than a minute. 


Placed under moderate tension in this way, even a strong oyster usually 
begins to open immediately, although at a slow rate (0.002 to 0.01 mm. per 
minute at the level of the rings on the shell, with a 9 pound pull). The 
rate of opening usually changes from time to time during the test, sometimes 
from slow to fast, sometimes the reverse: without clear relation to the de-= 
gree of moderate opening of the shell (as long as tension is continuous. If 
the oyster is permitted to close and tension then reapplied, a marked change 
in rate of opening may result). The gradual opening is sometimes interrupt- 
ed by an abrupt partial closure, presumably caused by contraction of striat- 
ed muscle. The slow opening then begins again at the level of closure to 
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which the contracture attained. Repeated contractures tend to be of similar 
amplitude. The average rate of opening varies greatly between individual 
oysters, more than with the tension applied (within moderate limits). The 
individual variation obscures the expected relation to size, in the few 
dozen tests made. The pattern of opening displayed by a particular oyster 
seems characteristic, and may be repeated with little variation over a pe- 
riod of months. The fact that the pattern may be almost indistinguishable 
in tests of the same individual repeated at intervals of a day seems to in- 
dicate that gradual and limited forced opening is not injurious. 


However, the pattern may also change sharply in a short time. For exan- 
ple, the vigorous clean-shelled oysters collected by hand from an up-river 
reef near Beaufort, N. C. customarily repeated their initial patterns unless 
subsequently subjected to shock or injury. Breaking the edge of the shell 
with pliers or drilling holes without touching the flesh was sometimes suffi- 
cient to cause a conspicuous immediate increase in rate of opening, traces of 
which might persist for a week. In contrast to these up-river oysters, 
sponge-riddled oysters from a down-river bed often showed a rapid and appar- 
ently spontaneous change from the initial pattern no matter how carefully 
handled. Oysters from this bed which at first responded at normal rates 
would after a few days begin to open so rapidly that tension had to be great- 
ly reduced to obtain a detailed record. Sacrifice of these oysters revealed 
that boring-spongeunder the cement had been killed and was rotting, that ma- 
terial from the sponge-chambers had been forced through the conchiolin caps 
covering recent sponge-perforations in the adductor scar, and that visible 
ulcers were developing in the adductor. 


Records adequate for many routine purposes can be obtained at a rate of 
up to ten oysters per instrument per hour; although tests of longer duration 
are more revealing. 


As in the case of the transparent lower shell described in earlier para- 
graphs, work with the pull-test just described was devoted chiefly to a pre- 
liminary examination of its possibilities. These appear promising for sever- 
al purposes: for studies of the physiology of shell-closure; as a guide to 
uniformity of oysters selected for controlled experiments; and as an addition 
to the indices already available for following changes in individual oysters 
without sacrificing them. 


Neither the pull-test method nor the method of looking through the 
lower shell is startling in principle, but there seem to be interesting pos- 


sibilities for extension of knowledge of the oyster through their systematic 
use. 
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A STUDY OF THE RESPONSE OF OYSTERS TO TEMPERATURE, AND SOME 
LONG RANGE ECOLOGICAL INTERPRETATI ONS* 


by 
Albert Collier 


Introduction 


PHYSIOLOGICAL EFFECTS OF TEMPERATURE® 
The Pumping Rate of Oysters in Relation to Water Temperature 


Much has been written on the response of oysters to temperature, but in 
respect to long term observations the experimental work on this subject has 
been limited. During the period from December, 1946, to July, 1950, the au- 
thor had an unusual opportunity to study the detailed behavior of the oyster, 
Crassostrea virginica (Gmelin), in the laboratory as well as in the field. 
This paper will present the results of some of the studies on rates of fil- 
tration as related to temperature. These results will then be interpreted 
in the light of recent and paleoclimatology of the Gulf of Mexico area. 


The discussion to be given here is based on the continuous recording of 
the shell movement and pumping rate of 66 oysters. The record for any given 
individual ranged from three weeks to six months, with minor interruptions. 
Some of the oysters made significant growth during the period of recording. 
Temperature observations were made with precision thermometers at intervals 
of four to eight hours. The sea water was pumped directly from the bay by a 
high pressure, high velocity system, without intermediate storage. 


Involved in this @nalysis were 64,580 record hours, for each of which 
the effluent of the oysters has been computed, and the water temperature at 
that hour determined. Because of the comparatively long intervals (four to 
twelve hours) at which the temperature observations were made, we cannot in- 
dicate all of the hourly temperatures as observed, but only as interpolated 
values. Because of this, the data are presented in terms of temperature 
intervals of 5° C. 


The experimental work which forms the basis for this paper was performed 
by the author while he was engaged in investigations supported by private 
resources. The conclusions and interpretations do not necessarily repre- 
sent the views of the present employer of the author. 


2 Acknowledgments: I wish to extend my appreciation to Messers. Sammy M. 
Ray, A. W. Magnitzky, and Joe O. Bell for their attentive and diligent 
assistance in the laborious field and laboratory exercises which produced 
the large body of data referred to in the following pages. 
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(in terms of percent of maximwn hourly 
effluent for a given oyster) for the vari- 
ous temperature brackets. See text for full 
explanation. 


TABLE I. 


Temperature Number of Oysters Number of hours 
intervals, °C. recorded 

A. 14.9 and under 30 3,257 

B. 15 to 19.9 37 25,964 

C. 20 to 24.9 48 14,459 

D. 25 to 29.9 39 19,138 

E. 30 to 34.9 19 3, 762 


64, 580 


Table I gives the temperature intervals into which the pumping rates 
were classified and the number of recorded observations in each. The number 
of oysters in the several intervals totals more than the 66 oysters used be= 
cause of the overlapping of many of the specimens from interval to-interval. 


The hourly effluents for each oyster were converted to per cent maximum 
hourly effluents in order to permit a combination of all data for treatment. 
For instance, a small oyster pumping 10 liters per hour with a maximum of 12 
liters per hour could not be compared with a large oyster pumping 10 liters 
per hour but with a possible maximum of 30 liters per hour. Frequency dis- 
tributions of hourly effluents determined on this basis were then computed for 
the five temperature brackets shown in Table I, and the results are plotted in 
Figure l. 


In Figure 1 it is clear that as the intervals of higher temperatures were 
entered there was a tendency for the maximum pumping rate to increase up to 
interval C. In temperature interval A there is a definite mode at approxi- 
mately the 60% level; in B, at about the 75% level with more spread towards 
higher rates. In interval C, the mode has advanced to about the 80% level 
with a tendency to build up the higher levels. In D and E the trend is re- 
versed and the very low percentages are increased. 


Figure 2 demonstrates the relationship between the hours of closure and 
temperature. As would be expected from the foregoing, the hours of closure 
increase with increasing temperatures. 


Loosanoff (1950) noted the following relationships between pumping rates 
and temperatures: 8 to 16° C., increasing; 16° to 28° C., no fluctuations; 
28.1° to 32° C., a further increase; 32.1° to 34° C.,rapid; 34° and over,- dis- 
tress. He further stated that oysters which had been held at 3° to 5° C. and 
suddenly transferred to water of about B02 1G: quickly increased their pumping 
rate to that of control oysters held at 20° C. No experimental data were 
given with these results and it is not known at what time of the year these 
experiments were performed, how many oysters were used, nor how long they 
were subjected to the experimental temperatures. In view of our results, the 
inference of Loosanoff's note is that his oysters responded as might be ex- 
pected when temperature is the only variable. In fact, his results parallel 
those of Gray (1928) on the response of ciliary beat in mytilus to tempera- 
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A simultaneous indication of daily water temperatures, mean 
monthly maxinmun air temperatures (Fensecola, Florida), monthly 
oyster mortality in percent, and mean daily effluent of exper- 
imental oysters in liters. ‘he daily water temperatures were 
taken from a thermograpn situated in Santa Rosa Sound near the 
lacoratory, 4nd the air temperatures were derived from the 
records of the Pensacola station of the U. S. weather Bureau. 
the oyster mortality curve represents data from oysters held 
in rafts near the laboratory. The daily effluents of the oys- 
ters were computed from the same set of data summarized in 


Table l. 
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Figure 4. This figure sumsarized data collected in Grand 
Bay, Plaquemine Parish, Louisiana. The mortali- 
ty curve was obtained from a set of oysters re- 
tained in tanks as explained in the text. The 
mean monthly maximum air temperature would show 
closer agreement with the water temperatures if 
the water temperatures were shown as monthly 
means @s are tne air temperatures. 
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ture. Gray shows that the cilia increase their activity with increasing tem- 
perature up to 28° C., and that beyond this the ciliated epithelium tends to 
disintegrate. 


In an earlier report (Collier et al, 1950) it has been shown that there 
is @ chemical factor which has an important influence on the pumping rates 
of oysters. This factor is what we call at present the "carbohydrates" or 
"W-ethyl-carbazol substances". It has been shown that these substances are 
required in increasing amounts as temperatures rise. Even at low tempera- 
tures the oyster seems to pump faster when these naturally occurring sub- 
stances are present in greater quantity, but the absolute thresholds are 
lower. At higher temperatures the threshold value for minimum pumping is 
higher, and even greater quantities are required for maximum pumping. It 
would seem then, that the ciliated epithelium of the oysters’ gills follows 
in general the equation of Arrhenius, provided there are sufficient quanti- 
ties of some natural carbohydrate materials present in the water. 


In view of the evidence given above, the optimum temperature range for 
the filtration of water by Gulf Coast oysters is approximately 15° to 25° C. 


Temperature, Pumping and Mortality 


In a series of raft experiments which were in progress near the labora- 
tory at which the above temperature and pumping rate data-were collected, 
mortality records were kept on a group of oysters during the same period of 
time. In Figure 3 the elements of daily effluent (mean daily effluent of all 
oysters), bi-weekly mortalities in percent, and temperature have been plotted. 
The mortality figures are based on a total of 1200 oysters. These were divid- 
ed into sub groups held under @ variety of conditions, but all groups followed 
the trend shown here. It is not difficult to see that high temperature, low 
pumping rates, and mortalities were coincident. During this period the growth 
rates were sharply depressed from June through September (unpublished data). 
This is in agreement with some temperature studies made in Long Island Sound 
(Loosanoff and Nome jko, 1949). In that case, a significant decline in rate of 
increase of shell length and shell width occurred in going from 20° to 25° C. 
In their discussion of the matter Loosanoff and Nome jko say, "Thus, under the 
conditions under which the experiment was run, the oysters grew most rapidly 
at temperatures of 15.0° and 20.09 C. Therefore the optimum range for their 
growth was either confined between these two temperatures or, what is more 
probable, extended a degree or two outside these two limits, giving a range 
from approximately 13.0° to 22.09 C." These authors did not give these values 
as final, but it is significant that we should be so nearly able to confirm 
them even in the waters of the Gulf of Mexico. 


During 1948 another set of data were collected at Grand Bay, Louisiana, 
by the daily observation of 144 oysters held in tanks with water circulated 
over them, The water was pumped into the tanks constantly at a mean rate of 
700 liters per hour in each tank with waste going overboard. Figure 4 shows 
the relation between this mortality and the average monthly maximum air temp- 
eratures at Burrwood, Louisiana. Here again, we find a close association 


ily) 


with the 25° C. temperature level. The arrows in the figure indicate where 
the water temperatures cross the 25 level in the spring and in the fall. 
These anticipate the maximum air temperatures by a few days, but the average 
maximum air temperature is still a good guide for classifying the tempera- 
ture environment of the oyster in the shallow estuarial waters of the Gulf 
Coast. 


Discussion 


Evidence has been presented from several sources supporting the view that 
there is a point between 20 and 25 degrees centigrade above which conditions 
become unfavorable for the survival of the individual oyster. Stauber (1950) 
suggests the possibility of physiological species on the basis of minimal 
temperatures necessary for spawning, and it is suggested, on the basis of 
Hopkins' (1931) work, that the minimal spawning temperature for the Gulf Coast 
might be 25° C. It is possible to conclude, from the point of view of mortal= 
ity studies alone, that spawning weakens the oyster to the point of death, 
and that the mortalities mentioned here resulted solely from spawning. This 
theory cannot easily be reconciled with the fact that pumping rates are also 
reduced by the advance of temperatures above 25° C. It would seem that the 
oyster should filter as much water as possible following spawning in order to 
reestablish its energy reserves. 


It is possible that within the physiological optimum temperature range 
of the species (15° to 25° C.) there could be races defined according to the 
critical temperature thresholds for spawning. These have been reported as 
16.4°, 20° and 25° GC. (Stauber, loc. cit.). If this is so, and the optimum 
physiological range is 15° to 25° C., then the upper limit of this range co- 
incides with the highest of the critical spawning temperatures. This means 
that spawning in water whose temperatures run over 25° C. exhausts the energy 
reserves of the oyster at a time when conditions are not favorable for recov- 
ery. Accordingly, the oysters will be favored or disfavored as the tempera- 
ture fluctuates below and above the 25° C. level. 


Another factor which must be considered insofar as the mortality pic- 
ture is concerned is the attack of the oyster by various disease organisms 
and predators. If the oyster is forced to spend much of the time closed be= 
cause of unfavorable chemical and physical environmental elements, particu- 
larly at temperatures above 25° C., then it uses its energy reserves very 
rapidly and becomes easy prey to the predators, and especially to Dermocys— 
tidium marinum, which is evidently endemic in the waters, and is always in 
position to attack from the inside of the organism (Mackin, Owen and Collier, 
1950). This situation is made worse by spawning. 


At this point it is clear that when water temperatures persist for pro- 
longed periods above 25° C. the oyster is at a disadvantage in pumping, 
cannot recover from the exhaustion of spawning, and is open to attack by a 
pathogenic fungus and by predators. The temperature in itself is probably 


not the lethal agent, but serves to bring the oyster within reach of these 
enemies. 
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Since the oyster does pump at high temperatures when the "carbohydrate" 
concentration of the sea water is sufficient, one would expect that there 
should be times and places when temperatures above 25 C. might be tolera- 
ted with fair success. This is exactly what we find, but unfortunately, we 
do not yet know enough about these natural carbohydrates to define the en- 
vironmental conditions required for their maximum production. 


EFFECTS OF TEMPERATURE ON THE DISTRIBUTION OF CRASSOSTREA 
VIRGINICA IN SPACE AND TIME 


In the preceding section we have established through physiological ex= 
periments and field observations that, at least on some points along the Gulf 
of Mexico, oysters do not do well when the water temperatures exceed 25° C. 
It should be profitable, then, to examine the seasonal fluctuations in water 
and air temperatures, and to review the climate of the northern Gulf of Mexi- 
co insofar as that is possible. 


Since information on water temperatures is not @s generally available, 
and the records are not of as long standing as those for air temperatures, we 
are forced to derive water temperatures from those of the air in order to 
survey the past. In comparing air and water temperatures for the estuaries of 
the Gulf Coast it is difficult to generalize. Water temperatures follow air 
temperatures closely when the body of water is comparatively shallow or pre- 
sents a high surface-to-volume ratio. However, a great deal will depend on 
whether or not a given estuary receives a significant quantity of marsh drain- 
age. This is particularly so in the summer months when the marshes are all 
exposed by low water during the day to a large amount of heat. Because of the 
black and gray mucks, the absorption of this heat is increased by the black-= 
body effect. At night, when the marshes are covered by a relatively thin 
film of water, the temperature of the water will be raised by absorption of 
heat from the marsh muds, and then when it runs off with the ebb tide during 
the next day it will be exposed to additional radiation from the sun. Con- 
sequently, water temperatures in these shallow bays can run considerably 
higher than even the maximum air temperatures. Collier and Hedgpeth (1950, 
Fig. 6, p. 141) showed that the water temperatures of Copano Bay, Aransas Bay, 
and the Gulf of Mexico at Port Aransas, ran 3 and 4° higher than the average 
monthly air temperatures at Corpus Christi. This difference was quite con- 
Sistent from April through September, but as would be expected, is a little 
more erratic during the winter months. 


From the point of view of oyster biology it would be more useful to ac=- 
cept the temperature fluctuations of the estuarial waters as approximating 
the maximum air temperatures rather than the means. 


Brownsville, Galveston, New Orleans, Mobile, Pensacola and Tampa were 
selected 4s land stations with sufficient length of record to permit a valid 
examination of air temperature trends for the northern shores of the Gulf of 
Mexico. This comparison is between the mean monthly maximum air tempera- 
tures for the period 1931 to 1952 (both inclusive) and the period 1930 back 
to beginning of record. All pertinent data are tabulated in Tables II 
through VII, and the differences in the means are plotted in Figure 5. 
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Tigure 5. Differences in mean montaly maximum temperatures between the 
period of record preceding and including 1930, and the period 
1931-1952. For actual values and statistical significance see 
Tables II through VII. See text for discussion. 
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The most outstanding characteristic is the negative difference shown for 
Brownsville (i.e., a tendency for the maximum temperatures to be lower), with 
little change for Galveston during the summer, and the large positive differ- 
ences for the remainder of the points. This would make it seem that Galves- 
ton is a point at which the forces causing the changes are in balance and, in 
effect, provide a fulcrum for dropping maxima to the southwest and rising 
maxima to the east. 


As shown in Figure 5 the month-to-month trend is similar at all points, 
and from this we can conclude the general trend for the northeastern Gulf is 
definitely upward for all months of the year except March, September and No= 
vember. Even Brownsville, shows a tendency to increase in December. There 
are some points, Galveston for January, for instance, whose increase would not 
be significant according to the student t test (Table V) because of the erra- 
tic climate brought about by the northers so characteristic of the Gulf Coast. 
However, when these increases are in agreement with the trends at other points 
which are themselves significant it seems likely that the Galveston increases 
are significant, but with the element of mathematical probability obscured by 
the “northers". 


Mitchell (1953) has correlated some portion of such secular climatic 
changes as we are pointing out with the growth of cities. His treatment is 
based on mean temperatures rather than mean maxima, and he has divided the 
United States into six rather broad regions. The one considered in this paper 
is split, in his work, into two regions (Zones V and VI), and Brownsville is 
omitted altogether from his considerations. The Gulf maritime province would 
have to be isolated for special study by a treatment such as Mitchell's before 
the effect of increasing population of Gulf Coast cities could be evaluated. 
For these reasons it is not possible to compare the results of Mitchell's in- 
vestigation with those presented here. 


Although it is possible that changes indicated here might be slightly 
aberrant because of industrial influences, it should be remembered that at the 
time that some of the largest changes are shown the winds are largely from 
over the Gulf of Mexico. In some cases the cities which have shown a signifi- 
cant increase in mean monthly maxima have had only moderate industrial or pop= 
ulation growth - Pensacola, for example. For the purpose of this discussion 
we are justified in the examination of the climatic record on the basis of the 
average monthly maxima. 


If the 77° F. line is taken as zero, and the years are divided into two 
35 year periods (1882 to 1916, both inclusive, and 1917 to 1951, both inclus- 
ive) and the temperature deviations around the zero are summed algebraically, 
we will find that the results are as shown in Table VIII. It would certainly 
seem from this that summer temperatures are being extended into the fall 
months. This is probably to be expected if we follow Charlesworth (1953) in 
the following statement; "Today the glaciers of the world are in retreat, 
though not always with the same intensity or without sporadic spurts of short 
duration and small amount. This universal wasting is affecting the glaciers 
from the Artic to the Antartic, including those of the tropics. It set in 


23 


95 


aie » 
90 me =~ 4 
SUF AS 
/ af \\ 
V/ foe mas \ 
85 falas VAN 


/ 4 f ‘ \ 
80 i/ i \\ , 


ee a 7) U / \ 
“75 If py wrt Ne 
/ a] \ 
ji ' 
hh aes 
Ij \ 
- / "4 
7of- ! 
‘ \ 
/ | : 
iG ‘. 
/ ‘ 
is —— PENSACOLA E\ 
iT Ag . 
65 LS ee ee MOBILE . 
ocas \ 
aioe ak hiliene SID NEW ORLEANS 
Go vos ss GALVESTON 
igs — — — BROWNSVILLE 
60} ——-—— TAMPA 
55 


JAN. FEB. MARCH APR. MAY JUNE JULY AUG. SEPT. OCT. NOV. DEC. 


Figure 6. wean monthly swaximun air temperatures for all 
years of record for certain Gulf of Mexico 
points. 
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about 100 years ago and has accelerated in pace during the last thirty years 
or so." Again, quoting this time from Flint (1947): "Kinser demonstrated 
that mean annual temperatures have been rising at @ rate falling between 0.5° 
and 2.2° C. per century. The increase is evident not only in the northern 
hemisphere, but in the southern as well." 


Collier and Hedgpeth (loc. cit.) point out some general similarities of 
the Galveston area of the Gulf of Mexico to the Beaufort region of the middle 
Atlantic Coast. Ekman (1953) considers the coastal waters of Texas as tropi- 
cal in the summer and warm temperate in the winter with a corresponding faunal 
distribution. He also mentions Crassostrea virginica as being found further 
south, but says that it occurs as a community dominant only along the north 
coast of the Gulf of Mexico and along the eastern seaboard north of Florida. 


In Figure 6 we have plotted the mean monthly maximum air temperatures 
for certain points around the coast of the Gulf of Mexico. It will be noticed 
that Tampa and Brownsville have consistently higher maxima throughout the year 
with the exception that the summer maxima for Tampa are about the same as 
those of Mobile and New Orleans. With 25° C. (77° F.) as the maximum of the 
optimum range for Crassostrea virginica, this picture of seasonal maxima is 
consistent with Ekman's remarks concerning the distribution of this species 
in the Gulf of Mexico. 


It is also to be observed that in the north Gulf (represented by Pensa- 
cola, Mobile, Galveston and New Orleans) there are five months of favorable 
temperature levels, while in the south Gulf there are only three months. 
These periods are subject to some variation from year to year as can be seen 
in Figures 7 and 8. 


For the northern Gulf of Mexico, Pensacola, Mobile, New Orleans and Gal- 
veston have been selected as sample points. For all of these points, records 
go back to at least 1880. The average monthly maxima for these points have 
been plotted for each year of record in Figures 7 and 8. What we consider to 
be the optimum temperature range of the oyster, 53° to 77° F., has been indi- 
cated for each month by cross hatching. We note that it is only during the 
months of November, December, January, February and March that the tempera- 
ture ranges are comfortably within these limits. In April and October, the 
range is on the upper border, and in these cases it is clear that there will 
be some years in which April and October will be favorable to oysters, and 
Many years when conditions during these months will not be favorable. It 
will be particularly noticed that for October conditions have been becoming 
increasingly unfavorable since about 1916. 


Crassostrea virginica was established in the Gulf of Mexico in or near 
the Pliocene period (Dall, 1889), and at this time air and water temperatures 
were lower than they are now. Phleger (1951) reported on a comprehensive 
study of the distribution of the Foraminifera in the Gulf of Mexico and the 
following interesting paragraph is quoted from his paper: "A cool water 
fauna is found in the lower part of most cores. This was deposited when 
surface water temperatures were lower than present surface temperatures in 
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the Gulf of Mexico. This cool water fauna is interpreted as late glacial and 
has features characteristic of the continental slope water between Cape Hatt- 
eras and Cape Cod in the western North Atlantic." This is evidence from an- 
other approach that lower water temperatures than those presently observed 
prevailed in the Gulf of Mexico at the time of the earliest known appearance 
of Crassostrea virginica. Hilgard (1878) reported the presence of Specimens 
of Urosalpinx cinereus in sub-surface strata in the Mississippi River delta 
which are probably of the same age as the earliest formations in which 
Crassostrea virginica appears. As far 4s we know, Urosalpinx has long since 
disappeared from the Gulf of Mexico. 


It is possible that if the climate continues its present trend Crassos— 
trea virginica will decline as a community dominant. This will depend on 
whether or not there exists in this species the genetic potential to produce 
a race which can survive the high temperatures. 


SUMMARY AND CONCLUSIONS 


1. A combined study of pumping rates, growth rates, and mortality rates show 
that the optimum temperature range for Crassostrea virginica lies between 15° 
and 25° C., even on the Gulf Coast. The poleward limit for this species is 
determined by the minimum spawning temperature of approximately 16° C., and 
the equatorward limit is determined by the maximum temperature favoring sur- 

vival, which we consider to be 25° C. This type of distribution fits Hutch- 
—in's (1947) group 3. 


2. It is shown that in general, water temperatures for estuaries bordering 
the Gulf of Mexico can be inferred from average monthly maximum air tempera- 
tures. 


& The northern Gulf estuarial waters are within these temperature limits 
for approximately five months out of the year, but Weather Bureau records 
show a definite increase in the average monthly maxima of the last 22 years. 
September is already above the maximum, and since 1916 the average maxima for 
October have gone above 25° C. 


4, Hvidence that the Gulf waters were cool at the earliest known time Crass- 
ostrea virginica is recorded in the Gulf can be found in the works of the 
paleontologist and the paleoclimatologist. They were comparable to present 
day waters between Cape Hatteras and Cape Cod. 


5. It is pointed out that although oysters can survive as individuals in the 
sOuthern reaches of the U. S. Gulf Coast, it has been only on the north Gulf 
that they have survived as community dominants. This is in agreement with 
the above statement concerning the optimum temperature range and the tempera- 
ture zones of the Gulf. 


6. It is concluded that since Crassostrea virginica appears to be fundamental- 
ly a cool water animal, and since the waters have been becoming continuously 
Warmer, particularly in the last thirty years, its position as a community 
dominant in the north Gulf is threatened if the warming continues. 
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7. There are other factors affecting the survival of oysters including 
Dermocystidium infestation, predators, changing salinities, silting, floods, 
river levees, and overfishing. Low water temperatures assist the animal to 
resist all of these except the last. Of these, the most important on the 
Gulf Coast at this time is probably Dermocystidium, but the attacks of this 
organism are predicated on the debilitation brought about by prolonged ex- 
posures to excessive heat. There is evidence that the presence of some 
natural carbohydrate substances in the sea water assist the oyster to filter 
water in spite of temperatures above 25° C. 


8. The future of the Gulf oyster industry is not very bright. Cultch spread- 
ing activities and seed planting are probably helpful for brief periods, but 
are too expensive in view of the uncertain returns. The perfection of a heat 
resistant stock of oysters by husbandry offers some possibility, but the limi- 
ted success of the species in maintaining itself in lower Gulf waters is not 
encouraging. 
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Month Difference of 


Jan. 
Feb. 
March 
April 
May 
June 
July 
Aug. 
Sept. 
Oct. 
Nov. 


Dec. 


TABLE ITI 


Tampa 


Comparison of mean monthly maximum air temperatures (°F. ) 
for periods from beginning of record through 1930 (period A), 
and 1931 through 1952 (period B) by "student" + test. 


means (B — A) 
f 2.153 
f# 1.610 
4 0.081 
# 0.744 
f# 1.514 
+ 1.273 
# 0.917 
# 0.916 
f 0.475 
# 1.523 
# 0.658 


f# 2.384 


* Significant at .05 level 


t 
A;B 


2.1149" 
1.5203 
0.0851 
1.3025 
3.6981"* 
3.4791** 
2.9628"* 
3.1019"" 
1.4226 
2.9362"" 
1.0322 


2.8220"" 


A 


Beginning of record 
through 1930 


n s x 


40 3.287 69.688 
40 3.653 71.135 
40 35.575 76.153 
41 2.205 80.415 
41 1.532 85.422 
41 1.286 88.559 
41 1.010 89.188 
4. 1.094. 89.5077 
41 1.275 88.207 
41 2.027 82.415 
41 2.2862 75.861 


41 2.746 70.368 
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n 


22 


22 


22 


B 
1941 - 1952 

(both inclusive) 

=x s 
71.841 4.686 
7e-745 4.579 
76.0214 5.851 
81.159 2.076 
86.936 1.580 
89.832 1.555 
90.100 1.427 
90.423 1.160 
88.682 1.241 
83.938 1.730 
76-519 2.640 
72.708 5-827 


“* Significant at .O1 level 


Month 


Jan. 
Feb. 
March 
April 
May 
June 
July 
Aug. 
Sept. 
Oct. 
Nov. 


Dec. 


Comparison of mean monthly maximum air temperatures ( °F.) 


TABLE III 


Pensacola 


for periods from beginning of record through 1930 (period A), 
and 1931 through 1952 (period B) by "student" +t test. 


Difference of 
means (B - A) 

# 1.937 

f# 1.667 

f# 0.247 
0.343 
1.151 
1.335 
0.790. 
1.113 
0.064 
1.421 


0.4135 
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1.502 


* Significant at .05 level 


t 

A:B 
1.9415 
1.7728 
0.3091 
0.6556 
2.2569" 
2. 7146"* 
1.9706 
2.6645" 
0.0141 
2.4856" 
0.6688 


1.8665 


A 


Beginning of record 


51 


Sl 


33 


5.5995 


326355 


3.1149 


1.9760 


1.9951 


1.8355 


2.5066 


1.4482 
1.8658 
2.2436 
2.2762 


2.9570 


through 1930 


= 


60.063 
61.710 
67.180 
73.125 
79.767 
85.233 
86.765 
86.996 
84.641 
76.984 
67.792 


61.425 


B 


1931 - 1952 
(both inclusive) 


= 


62.000 
63.377 
67.427 
73.468 
80.918 
86.568 
87.555 
88.109 
84.705 
78.405 
68.205 


62.927 


4. 5692 
5. 8064 
3.1714 
2.2195 
2.0095 
2.1322 
1.7163 
2.1769 
1.5469 
2.2051 
2.7546 


5.5818 


** Significant at .01 level 


n 


22 


22 


TABLE IV 
Mobile 
Comparison of mean monthly maximum air temperatures (°F) 


for periods from beginning of record through 1930 (period A), 
and 1931 through 1952 (period B) by "student" t test. 


A B 
Beginning of record 1931 - 1952 
through 1930 (both inclusive) 
Month Difference of t n 8 x x 8 n 
means (B — A) A:B 

Jan. f# 2.280 2.1526" 58 4.016 59.743 62.025 4.763 22 
Feb. f 1.522 1.6009 58 3.813 62.528 64.050 3.753 22 
March A 0.374 0.4339 58 3.455 68.376 68. 750 3.407 22 
April # 0.745 1.3400 58 2.328 74.964 75,709 1.897 22 
May #4 0.964 1.8436 59 2.217 82.281 83.245 1.706 22 
June # 1.142 2.2de20* 59 2.145 88.081 89.223 1.751 ge 
July f 0.631 1.1640 99 «462.364 89.369 90-000 1.511 22 
Aug. # 1.169 aeoS560"" 59° lecven 89eei7 90/386) 13 587s 
Sept. - 0.012 0.0241 59 1.961 86.207 86.195 2.092 22 
Oct. # 2.026 Soc74e"* 59 2.511 77.469 79.495 2.380 22 
Nov. f 0.543 0.8396 59 2.525 67.934 6864770 (cu /Ovamens 
Dec. f{ 2.044 2.3699" 59 3.363 60.820 62.864 3. 689 22 

* Significant at .05 level ** Significant at .0l1 level 


Month 


TABLE V 


New Orleans 


Comparison of mean monthly maximum air temperatures (°F.) 
for periods from beginning of record through 1930 (period 4), 
and 1931 through 1952 (period B) by "student" + test. 


Difference of 
means (B = A) 


Se aS Ro ee iG Soc, a SE Se ae 


1.720 
0.989 
0.059 
0.510 
1.489 
1.857 
1.120 
1.422 
0.682 
2.037 
0.052 


1. 848 


* Significant at .05 level 


Lt 

A:B 
1.4700 
0.8966 
0.0641 
0.9942 
3. 6326"* 
4.0484"* 
3.0890"* 
3.6935" 
1.3003 
3.3481"* 
0.0687 


2.0591" 


A 


Beginning of record 
through 1930 


n 8 x 


56 4.384 62.425 
57 4.387 64.856 
57 3.657 71.023 
57 2.1386 76.726 
57 1.577 82.856 
57 1.931 88.016 
57 1.500 89.335 
57 1.565 89.259 
5? 2.116 86.054 
57 2.455 78,4181 
57 3.080 69.747 


57 3.587 63.079 


35 


1931 - 1952 


B 


(both inclusive) 


x 


64.045 


65. 845 


71.082 


77.256 


84. 345 


89.873 


90.455 


90.681 


86.736 


80.218 


69.695 


64.927 


** Significant at .0l1 level 


n 


22 


22 


22 


ge 


22 


Month 


Jan. 
Feb. 
March 
April 
May 
June 
July 
Aug. 
Sept. 
Oct. 
Nov. 


Dec. 


Comparison of mean monthly maximum air temperatures (°F. ) 


TABLE VI 


Galveston 


for periods from beginning of record through 1930 (period A), 
and 1931 through 1952 (period B) by "student" + test. 


Difference of 
means (B —- A) 

7 1.130 

7 0.875 

- 0.643 

- 0.852 

# 0.050 

# 0.089 

- 0.232 

?# 0.084 

- 0.108 

# 0.972 

~# 0.135 


f# 1.108 


AB 


1.1581 
0.9015 
0.8818 
1.6406 
0.1090 
0.1886 
0.5851 
0.2589 
0.2725 
1.9417 
0.1833 


1.4301 


A 


Beginning of record 
through 1930 


36 


n 


ee 
ee 
22 
ee 
22 
22 
Ze 
22 
22 
22 


22 


B 
1931 - 1952 
(both inclusive) 
x 8 
60.391 4.057 
62.550 3.383 
66.809 2.962 
72.877 1.905 
80.050 1.502 
85.791 0.9538 
87.600 0.680 
87.959 0.927 
84.573 1.541 
78.609 1.958 
68.645 2.808 
62.882 2.806 


ee 


Month 


Jan. 
Feb. 
March 
April 
May 
June 
July 
Aug. 
Sept. 
Oct. 
Nov. 


Dec. 


Comparison of mean monthly maximum air temperatures (OF. ) 


TABLE VII 


Brownsville 


for periods from beginning of record through 1930 (period 4), 
and 1931 through 1952 (period B) by “student” + test. 


Difference of 
means (B — A) 

- 0.375 

- 0.087 

- 1.358 

- 1.304 

- 0.526 

- 1.334 

- 0.368 

- 1.175 

- 0.700 

#.0.205 

# 0.094 


f# 0.931 


& 
A:B 


0.3377 
0.9583 
1.4435 
2.2045" 
0.9960 
1.9727 
0.7707 
2.0581* 
1.1084 
0.3109 
0.1040 


0.38879 


46 


46 


A 
Beginning of record 
through 1930 
8 x 
4.418 69.261 
3.392 72.557 
3.553 77.428 
2.205 82.874 
1.965 86.926 
2.454 90.839 
1.797 92.058 
2.346 93.120 
2.591 89.730 
2.544 84.560 
3.824 76.711 
4.147 70.659 


46 


* Significant at .05 level 
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1931 - 1952 


B 


(both inclusive) 


x 


68.885 
72.270 
76.070 
81.570 
86.400 
89.505 
91.690 
91.945 
89.030 
84.765 
76.805 


71.590 


n 


20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 


20 


TABLE VIII 


Comparison of deviations (in month-degrees, F.) during the 
month of October, from 77° F. (25° C.) for the two 35 year 
periods, 1882-1916 (both inclusive), and 1917-1951 (both 
inclusive) at each of the four sample stations on the north 
coast of the Gulf of Mexico. 


1882-1916 1917-1951 
Pensacola # 6.9 f{ 24.5 
Mobile 7 18.8 # 79.1 
New Orleans f# 34.0 # 109.6 
Galveston # 14.3 # 51.9 
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THE ANNUAL CYCLE OF REPRODUCTION, GROWTH, AND FATTENING 
IN LOUISIANA OYSTERS 


By 


SEWELL H. HOPKINS, J. G. MACKIN, and R. WINSTON MENZEL 
4A.& M. College of Texas, College Station, Texas 


As this is the first meeting of the National Shellfisheries Association 
ever held on the Gulf Coast, we thought that the members from more northern 
states, as well as those from the South, might be interested in an account of 
some of the main points in the annual cycle of oyster life in Gulf waters, 
where conditions differ greatly from those of the better known regions such 
as Long Island Sound and Chesapeake Bay. 


Since we are meeting in Louisiana, and since this state is the principal 
center of oyster production in the deep South, we shall discuss the oysters 
of Louisiana only. It should be understood that not all of our statements 
can be applied to other Gulf states such as Texas and Florida where some con- 
ditions are quite different. 


Louisiana itself contains quite a variety of different oyster-growing 
waters. Hach bay and each bayou differs to some extent from every other one. 
But, generally speaking, there are two main regions: the natural reef area 
east of the Mississippi River, which supplies most of the oysters used by 
canneries as well as most of the seed oysters used by growers, and the area 
west of the river, from the river to the western side of Terrebonne Parish, 
where most of the private leases are located. Our observations apply to this 
western area, and especially to the Barataria Bay and Terrebonne Bay regions. 


The map shows the location of the waters mentioned. All of this area is 
old Mississippi River delta country. The marshy "land" shown on the map is 
practically all flooded at high tide. The bays are very shallow, usually 
only 5 to 10 feet deep, or even less. The tidal streams or "bayous" winding 
through the marshes are also important in oyster production. 


Southern Louisiana is a region of very heavy rainfall. The bays just 
west of the river also receive some fresh water from the Mississippi when the 
Tiver is high. Sometimes the water entering Barataria Bay from the Gulf is 
less salty than the bay water, because of a layer of fresh water spreading 
out over the surface of the Gulf from the mouth of the Mississippi, and only 
slowly mixing with the saltier water beneath it. The tide range averages 
only 1 to 2 feet, but the bays are so shallow that a few inches difference 
in tide level, or a few inches of rain, will cause a large and sudden change 
in the salinity. 


The temperature of the water also has a wide range between extremes, 
although it does not usually change so radically from day to day or hour to 
hour as does the salinity. Although summer water temperatures are high, 
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often around 30°C. for long periods, the Gulf coast west of the Florida 
bight is not a subtropical region, but belongs to what Marston Bates calls 
the "Intemperate Zone". It gets hot, but it also gets cold, and water temp- 
eratures in Louisiana bays sometimes get down to within one or two degrees 
of freezing. However, low temperatures are not always maintained throughout 
the winter, and the water sometimes gets up above 20°C. in midwinter, though 
usually not for long periods. 


Figure 1 is a graph of the thickness of the gonadal epithelium in Loui-- 
Siana oysters. As the water begins to warm up in late winter and spring, the 
sperm and egg cells develop and the gonads become thicker. Spawning causes a 
sudden decrease in thickness, and then during the summer sperm and egg cells 
are thrown out about as fast as new ones develop. 


Figure 2 shows the nunber of bivalve larvae found in plankton. Some of 
these may not be oyster larvae, but nearly all of them are. This graph 
agrees well with the one showing thickness of gonad, and with the graphs of 
setting which follow. 


Figure 3 shows a record of setting each week during the 1949 season, in 
the lower and the upper parts of Barataria Bay. Note that setting was heav- 
ier in the lower bay where salinity was higher. The setting rate is shown 
as number per shell per day. This is the most convenient index figure to 
use on the Gulf coast. Figure 4 shows even heavier setting rates in the 
western Terrebonne Bay region. The two figures together show 3 seasons of 
setting records in 4 different localities, and all together they indicate 
that setting begins in late April or early May, that the May peak is the big 
one, and that successively smaller peaks of setting occur through the summer 
and into early autumn. 


In northern waters, the idea is to put out culch in time to catch the 
peak setting, but this is not necessary or even desirable in Louisiana. The 
spat which set in May are subject to predation so much longer than those 
which set late in the season that they are reduced to about the same numbers 
by November, and the younger oysters grow so fast that the late set have al- 
most caught up to the spring spat by the time they are a year old. 


Figure 5 shows the growth of spat, from setting to market size, in trays 
at 5 localities in the Terrebonne Bay region. In this case length is used as 
an index of size. 


Figure 6 shows growth curves for tray oysters, from setting to the age 
of 2 years, using average volume and average weight, as well as average 
length, as indices of size. Note that these curves show no indication of a 
slackening of growth during the warm months, as was reported from Florida. 


Figure 7 shows even more clearly that growth does not slow down during 
the summer months, when the oysters are less than 2 years old. This does not 
mean that older oysters might not grow more slowly in warm weather, but we 
consider that a more or less academic point because Louisiana oysters should 
be marketed before they are 2 years old. 
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Figure 8 illustrates a rather interesting point. When oysters are 
reared in trays for the study of growth, it is very desirable to number each 
oyster and to keep separate records on the individuals. As the graph shows, 
the growth curve for those oysters which survived to the end of this experi- 
ment (when the oysters were 2 years old) forms almost a straight line, while 
each individual which died had reached a plateau and had stopped growing long 
before it died. As these oysters were all in one tray, this difference in 
growth rate is not caused by environment, but by something that happened to 
the individuals. If measurements of many of these sick individuals are in- 
cluded in the averages, as when @ lot of unnumbered oysters are measured and 
the average of the entire lot is taken as an index of size, then you will get 
a curve whose slope decreases during the warm weather when the number of sick 
oysters is at its height. Also, when a number of these sick oysters die off 
between one measurement and the next, the average will show a sudden spurt 
upward due to the elimination of the stunted individuals, and not due to any 
actual increase in growth rate of the survivors. 


Therefore, growth curves based on averages of entire lots of oysters, or 
averages of samples of a population, do not necessarily give a true picture 
of the growth of individuals. With this note of warning, we proceed with a 
series of graphs based on samples taken each month from 2 planted beds at 
locality "SE" and 5 planted beds at locality "BB". All beds were planted in 
September and October, 1947. 


Figure 9 shows the increase in average length and width of the planted 
oysters at the two localities. 


Figure 10 shows growth curves based on another index of size, the number 
of Louisiana oyster sacks (a sack equals 15 U. S. standard bushels) which 
1000 oysters would fill. 


Figure 11 shows the average shell capacity of the planted oysters. Note 
that this index of size seems to show seasonal variations, probably caused by 
differential mortality. 


Figure 12 shows the volume of drained meat (dry pack) per sack and per 
oyster. Note that the volume of meat per sack does not increase in propor- 
tion as the oysters get larger, although the volume per oyster does. 


Figure 13 shows the average wet weight of drained meat, per oyster, for 
the monthly samples from the planted beds. 


Figure 14 shows the so-called coefficient of fitness or index of condi< 
tion, which is an index of the ratio between the amount of meat in an oyster 
and the size of the shell cavity. 


Figure 15 shows the glycogen content of the planted oysters, each month. 
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In every index of quality, Louisiana oysters are at their best in late 
winter and spring, and are at their poorest in late summer and early fall. 
When they are at their best they are equal in quality, including flavor, to 
any oysters in northern waters. The trouble is that they keep this high 
quality for only two or three months. Possibly a really good and economical 
process of freezing oysters when they are at their peak may some day provide 
an answer to this problem of the Louisiana oyster industry. 


Last year at the Atlantic City meeting, in a paper which was later pub- 
lished in the Atlantic Fisherman, we pointed out that planted oysters in Lou- 
isiana reach their peak yield within a few months after planting. After this 
peak, the yield decreases because growth is no longer fast enough to stay a- 
head of natural mortality. We now point out that this applies not only to 
the yield in sacks of oysters, but also to the yield in gallons or pounds of 
meat, and to the quality of the meats. Oysters planted in the fall will 
reach their peak in both quantity and quality the following spring, and 
should be marketed then. This is already 4 common practice in some parts of 
Louisiana. It is also possible to plant seed in April and harvest market 
oysters the following fall or winter, but this can be done profitably only if 
the seed are less than a year old, and only in places where predators, espe- 
cially conchs (Thais) are not too numerous. In Dermocystidium territory, 
planted oysters should never be kept through more than one summer. 


Louisiana oysters grow rapidly, and Louisiana oyster growers could 
greatly increase their production by taking full advantage of this rapid 
growth. To do so will require a better source of seed oysters than the natu- 
ral reefs. This problem of seed production must be left for a future paper. 
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A REVIEW OF THOSE ASPECTS OF THE BIOLOGY OF THE OYSTER DRILL 
UROSALPINX CINEREA (SAY) FUNDAMENTAL TO ITS CONTROL 


Melbourne R. Carriker, Zoology Department, Rutgers 
University, New Brunswick, New Jersey 


Relatively uncurbed, the oyster drill Urosalpinx cinerea (Say) continues 
to ravage the oyster beds of many parts of the north temperate world. The 
steady spread of its ranks from original areas of distribution and the in- 
creasingly evident destructiveness of the pest disclosed by critical observa- 
tions of oystermen and marine biologists, have aroused genuine concern among 
those burdened with effecting control. The oyster drill is rightly recog- 
nized as one of the leading predators of all species of young oysters en= 
countered in its range. 


Thus it is appropriate at this time to re-examine the available know- 
ledge on the biology of this small gastropod in order to provide a background 
for a re-evaluation of the kinds and intensity of drill control currently in 
progress. This report represents a partial condensation of a longer fully 
authenticated treatment of this subject which will appear elsewhere, and is 
in large part taken from a considerable number of technical reports - many 
unpublished = by J. R. Adams, H. A. Cole, J. B. Engle, H. Federighi, P. S. 
Galtsoff, H. H. Haskin, V. L. Loosanoff, J. R. Nelson, T. C.-Nelson, H. F. 
Prytherch, I. W. Sizer, L. A. Stauber, Aand many others. Grateful acknowledg- 
ment is expressed to these investigators. 


At present U. cinerea occurs in @ number of localized areas on the east 
coast of Canada and along the Maine and New Hampshire coasts where it is not 
yet a serious pest. It abounds and is highly destructive in the coastal 
waters of Massachusetts, Rhode Island, Connecticut, New York, New Jersey, 
Maryland, and Virginia; and is less abundant in North Carolina, South Caro- 
lina, Georgia, and northeastern Florida. It was unwittingly transported to 
the west coast of North America in the late eighteen hundreds and has become 
established in coastal embayments in western Canada, in Washington, and more 
successfully in California. By 1928 it had become firmly entrenched in 
British oyster beds, and now is numerous and a very serious predator in 
Essex and Kent. No evidence has been unearthed to confirm Federighi's state- 
ment that U. cinerea has been introduced in Bermuda. 


It is probable that Urosalpinx has become 4 widespread uncontrolled pest 
since the advent of means for extensive transplantation, cultivation, and 
‘ harvesting of oysters. Many of these methods inadvertently favor wide dis- 
semination and augmented propagation of drills. Unless carefully checked, 
the transplantation of oysters of all ages from one region to another may in- 
troduce drills and their egg cases. Quite unintentionally live drills accom- 
panying shell dredged for cultch may be shovelled overboard on other grounds. 
The washing which oysters receive when hauled aboard in standard dredges 
flushes most of the smaller drills through the dredge bags and returns them 
to the bottom. In this manner the extension of the range of this gastropod, 
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unknowingly transplanted from its original haunts on barnacle and black 
mussel bottoms and natural oyster reefs, has kept steady pace with increased 
human utilization of new grounds for the culture of oysters. Once estab= 
lished on oyster beds the drill soon attains high concentrations and per- 
sists there with phenomenal tenacity and success unless effectually con- 
trolled.by man. The density of these stabilized drill populations fluctuates 
in large measure with the available food supply, drill breeding cycles, the 
abundance of enemies, and gradual or catastrophic changes in the physical and 
chemical environment. 


Within their geographic range drills may be found from the intertidal 
areas of coastlines to depths of 90 feet; they have been collected on all 
types of hard and shelly bottom, and occur more plentifully on bottoms cov- 
ered with oysters than on vacant ground. Although a muddy surface devoid of 
shell is least attractive, they do adapt themselves successfully to life on 
shell or oysters distributed on muddy bottom. 


e 
Water temperatures which may rise above 86°F for considerable periods of 
time, as in shallow waters along the New Jersey Cape May shore, Delaware Bay, 
do not prove a barrier to drill distribution. When subjected to such temper- 
atures during low water they bury just beneath the surface of the bottom. 
Conversely Urosalpinx is able to withstand low temperatures of severe winters 
which in Great Britain apparently destroy the native inglish drills. 


In the fall as the temperature of the water approaches 36°F in Delaware 
Bay, drills move onto the bottom. Some pass the winter attached to shell on 
the surface, or crawl into crevices @mong shell clusters, or may even retract 
within their own shells. Others dig into the bottom, crawling downward along 
the surface of buried shell or other hard surfaces. To date all evidence in- 
dicates that the latter remain just under the surface of the bottom, with 
siphon tip directed upward and in contact with the water. While at summer 
temperatures drills cling to hard surfaces with persistent tenacity, at low 
winter temperatures they may be readily dislodged because of the weak adhe- 
sion of the foot to the substratum. Further studies should disclose the pro- 
portion of drills that burrow preparatory to hibernation, the precise re- 
sponse of these snails to dropping temperatures before hibernation and to 
rising temperatures in the spring, the degree of dormancy exhibited by them 
during hibernation, and their behavior in the wide variety of winter condi- 
tions encountered over their latitudinal range. 


Low salinity of the water does effect a barrier to the distribution of 
drills, particularly in estuaries at the mouths of rivers. The range of 
these lethal salinities appears to be associated with temperature and the 
salinity of the water in which drills have lived. Urosalpinx collected in 
Hampton Roads, Virginia, at prevailing summer temperatures, in salinities 
ranging from 15-20 o/oo were destroyed by @ drop in salinity to 12 o/o0, 
whereas drills gathered in Beaufort, N. C., in salinities over 30 0/00 did 
not survive a drop to 16 o/oo. At lower temperatures drills are able to 
withstand correspondingly lower salinities. In Delaware Bay laboratory ex- 
periments conducted in outdoor winter temperatures demonstrated that drills 
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are able to attach to the sides of their containers in salinities as low as 
? o/oo, and drills in 10 o/oo were still alive and capable of movement after 
more than 19 months. Other experiments, run to duplicate conditions result- 
ing from cold spring freshets followed by saltier periods, disclosed that 9 
to 10 days exposure to salinities varying from 0 to 8 o/oo are required to 
kill 50% of the drills. At the other extreme, at least in some regions such 
as Beaufort, N. C., drills thrive in salinities which reach 37 o/oo for sev- 
eral days at a time. 


The barrier against the distribution of Urosalpinx afforded by low salin- 
ities has stimulated the development of an extensive oyster industry in such 
areas, among others, as Delaware Bay, N. J., and the James River, Va. Natural 
oyster seed beds are located up bay in water of low salinity usually fatal to 
drills but favorable to oyster seed. By the time oysters are transplanted to 
lower more saline growing grounds, they have developed thicker shells less 
readily perforated by the drill. More detailed studies on the relation of 
salinity to the activities of the various stages of the life cycle of the 
drill in the whole temperature and geographic range of the. species are high- 
ly desirable. 


The foot of U. cinerea is quite small, scarcely extending beyond the 
broadcast outlines of the shell. A tough horny door, the operculum, is firm- 
ly attached to the posterior dorsal surface of the foot and when retracted, 
completely and effectively seals the fleshy organs of the snail within its 
shell. Just how long the mollusk can remain thus closeted is not known, 
though incomplete reports suggest a period of 5 days in the summer. The com- 
bination of the hard inconspicuously marked shell and the tough operculum 
constitutes a formidable armor against the intrusion of enemies. 


These gastropods lack a free swimming larval stage and depend entirely 
on their own slow limited creeping or upon transportation by human or other 
agencies for dissemination. The economic implications of the possible move- 
ments of Urosalpinx onto drill-free oyster bottoms from surrounding infested 
grounds have promoted a number of preliminary investigations on migration. It 
is reported that under summer field conditions marked drills creep at an aver- 
age rate of 0 to 24 feet per day. <A maximum figure of 75 feet per day is re- 
corded by one group of investigators, but this is probably an extreme figure. 
Since drills are known to hitch-hike on other animals such as crabs and on 
floating algae and debris, occasional extreme figures are not improbable. 


Several factors modify the rate of creeping. Drills living among oysters 
and other food move very little while those on bottom devoid of food tend to 
crawl at an average rate of 15 to 24 feet per day in the direction of food 
which attracts them. It would seem that the impetus for drills to migrate 
away from bottoms covered with shell (which support food organisms) and/or 
oysters of all ages may not be as strong as has been supposed. Sand and mud 
bottoms devoid of shell considerably slow the locomotion of drills. Indeed, 
it has been suggested on some evidence that wide lanes of clean mud bottom 
may constitute relatively effective barriers to drill migration. Low salin- 
ities and temperatures also retard their progress. In a laboratory experiment 
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drills crept at an average rate of 31 feet per day at 77°F and only 1.4 feet 
per day at 40°F. Current velocities further influence their movements. A 
drill placed in flowing water will immediately and definitely turn into the 
current and move upstream. At much reduced current velocities this response 
is lost. Galtsoff has emphasized that the behavior of these snails is deter- 
mined by the combined and antagonistic effects of the environmental factors. 
In general the rate of movement of these mollusks on native bottoms is prob- 
ably quite low and extremely variable since the rate and direction may be in- 
fluenced by so many factors. 


The pronounced variability of drill densities observed by numerous in- 
vestigators, even on adjacent oyster grounds differing markedly in the con- 
centration of oysters, and the report that in Delaware Bay the proportion of 
drilled Urosalpinx shells increases with the degree of barrenness of bottoms, 
further imply a limited rate of migration. Federighi, Stauber, Cole and 
later Engle, conclude from the limited information available that it is un- 
likely that migration of drills is of more than local significance in the 
distribution of the species. 


This discussion still leaves unanswered the important question of how 
Urosalpinx seems to appear suddenly and in devastating numbers on newly 
planted oyster bottom. Stauber has given @ probable explanation which is 
supported by more recent information. There is a tendency for considerable 
numbers of drills, particularly the smaller stages, to be washed back onto 
the bottom during harvesting of oysters or cleaning of bottoms with standard 
dredges. Furthermore in drill-dredging operations these do not uniformly 
clear the ground of trash or drills. Consequently numerous Urosalpinx, most 
of which are small and thus generally overlooked, remain. When a commercial 
planting of oyster spat is made on these bottoms, destruction (its rate com- 
mensurate with the concentration of drills) occurs. The entire slaughter may 
be erroneously attributed to drills which have migrated from nearby grounds. 
If the majority of drills on these grounds are small and the newly planted 
seed oysters large, extensive drilling may not occur until later in the sea- 
son or during the following year when small drills have attained a larger 
size, stimulated to rapid growth by the improved food conditions introduced 
with the new oysters. 


This unfortunately is not the whole explanation. As the migration 
studies indicate, some limited localized migration of drills from surround—- 
ing areas may occur along the boundaries of the new planting. Further, a 
few young drills probably hitch-hike onto newly planted grounds on floating 
marine algae or on other debris as well as on widely roaming bottom dwell- 
ing animals. Much further research is urgently required on drill migration 
and on the role of floating materials and of roving animals in drill dis- 
semination. 


The head of Urosalpinx is small and bears a pair of long slender tenta- 
cles each of which in turn supports a small eye. These are sensitive to 
light. Laboratory experiments have demonstrated that drills tend to creep 
away from bright light, toward weak light, and are indifferent tovvery weak 
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illumination. These observations were confirmed in Delaware Bay. In the 
summer, on clear days, and in water 1 to 4 feet deep drills remain attached 
to the underside of oyster clusters; on overcast days they climb on top; and 
in deeper turbid water, they are more commonly collected on top of clusters 
than under them. 


Over and behind the head and under the shell of this gastropod there is 
enclosed a spacious chamber, the mantle cavity, which houses a conspicuous 
double-comb-shaped gill. External respiration is accomplished by the passage 
of water over this organ. Water is drawn into the left side of the cavity by 
way of the siphon, a partly closed fleshy tube in the front part of the shell, 
and is ejected from the right side. Urosalpinx will remain alive only so 
long as the mantle cavity retains moisture, When the drill is forced to 
crawl out of water the loss of this vital fluid is accelerated and desicca~ 
tion is thereby hastened. From the standpoint of control, it would be useful 
to learn the length of time that drills of various sizes can tolerate drying, 
particularly when exposed on the surface and when buried at various depths in 
bottom material drill-dredged from oyster grounds and heaped on shore. Simi- 
larly the capacity of drills to crawl out of different depths of such trash 
dumped on submerged vacant bottom after drill dredging operations would be 
valuable information. 


Within the mantle cavity beside the gill there nestles a specialized 
sensory surface, the osphradium. This received the full flow of water drawn 
into the gill chamber and estimates the quantity of sediment suspended in the 
water. This function is of significant importance to the drill which often 
lives on muddy bottoms where the danger of fouling or blocking of the mantle 
cavity is a constant one. The response of Urosalpinx to the range of sus- 
pended sediments encountered in its normal habitats has not been investigated. 


Dissolved substances in the water are probably perceived by the drill by 
means of sensory surfaces on the tentacles, the front part of the foot, the 
underside of the head, and the siphon. Preliminary precise research on the 
response of these mollusks to substances released by oysters was performed by 
Haskin, who demonstrated that the capacity of drills to detect minute traces 
of these substances in their native habitats plays an important role in food 
selection. He led bay water into 2 adjoining containers and placed oysters 
of different ages in them. The overflow water from these was led to opposite 
corners of a flat dish in the center of which drills were placed. The major- 
ity of the drills soon crept to the water coming from the youngest oysters. 
In these and in controlled field studies it was learned that oyster seed a 
few weeks old is approximately 4 times as attractive to drills as % year old 
oysters, and that the differences which enable the drill to distinguish be-= 
tween young and old oysters probably disappear after oysters have reached an 
age of 3 or 4 years. Four to 7 year old oysters imported from brackish 
water where growth was poor proved more attractive to drills than younger 
oysters. This apparent inconsistency is explained by the fact that oysters 
transplanted from inferior to superior growing conditions are stimulated to 
grow, and it is during this period of rapid growth, characteristic of young 
oysters, that the drill attracting substance is released. Watery suspensions 
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of oyster meats do not have the same appeal to drills as the water from young 
live oysters, suggesting that the drill attracting substance is produced 
principally by living oysters. While a decided preference for smaller oys- 
ters is usually expressed by Urosalpinx, larger oysters are not immune from 
their attacks even in the presence of oyster spat. The chemical nature of 
the attracting substance has not been investigated. The possible isolation 
and further detailed study of this substance could conceivably lead to a 
chemical produced synthetically and on a large scale which could be utilized 
in extensive trapping. Further research should also be performed on similar 
substances in other drill prey such as mussels and barnacles, which might 
prove to be stronger lures. 


Urosalpinx is said to be entirely carnivorous although no tests have 
been performed to determine the possible role of minute encrusted plants in 
its diet. It is known to drill and feed upon a great diversity of animals: 
lower invertebrates such as encrusting moss animals, barnacles, small crabs, 
chitons, periwinkles, slipper limpets, mud snails, its own kind, and smaller 
edible and ribbed mussels, soft and hard clams, scallops, oysters, and the 
carrion of fin fish. In drill traps baits of small living edible mussels, 
oysters, and barnacles have proved the most attractive. Contrary to popular 
belief drills will leave a bed of young oysters and seek out those in traps. 
This behavior is associated with the strong tendency of Urosalpinx to crawl 
upward at certain temperatures (above 41°F in Delaware Bay, and 50°F in Vir- 
ginia and North Carolina). In addition young oysters collected in brackish 
water constitute more attractive bait than similar seed from more saline 
waters. 


Ostensibly no one has induced Urosalpinx to destroy living jingle shells 
in the laboratory, even when starved for several weeks; yet starved drills 
readily consume the shucked meats of jingles. A report or two is available 
on the collection in the field of empty jingle shells perforated by drills. 
The apparent repelling qualities of living jingle shells merit further con- 
sideration. 


The size of oysters destroyed by Urosalpinx varies from that of recently 
attached spat to those over 45 inches long. By and large younger oysters 
suffer the highest rate of predation. This helps to explain the discrepancy 
often arising anong the numbers of oyster larvae in the water, newly set oys- 
ter spat, and available commercial seed oysters. 


The drilling operation of bivalves by Urosalpinx involves a mechanical 
and probably a chemical phase. Before drilling, Urosalpinx searches the sur- 
face of its prey with the sensitive tip of its long slender everted probos- 
cis. Rasping at 77°F proceeds at the rate of approximately 60 strokes per 
minute, but is not particularly effective on the harder portions of the 
shell. A gland in the under surface of the foot is intermittently brought 
to rest over the drilling site and a "soaking" period follows during which 
the gland billows into, and the foot is held tightly about the drilling 
site. This alternate process of softening and rasping is continued until 
the shell is perforated. The duration of rasping varies from 2 to 15 min- 
utes and the softening periods from 1 to 47 minutes. Some as yet unidenti- 
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fied substance appears to weaken the shell material, as suggested by the fact 
that after each softening period the radula effects noticeable headway in 
drilling. All rasped shell material is swallowed. The identification and 
possible utilization in control of the drill of this softening substance pro- 
vides another worthwhile and provocative field for research. 


The average rate of drilling through the shell of an adult oyster ap- 
proximates 0.4 mm. per day, but this will vary with the hardness of the shell, 
size of the drill, temperature, and other conditions of the water. The aver- 
age time required for perforation varies from 5 hours for a very young drill 
3mm. high to penetrate an oyster spat 2 mm. long, to 7 days for an adult 
Urosalpinx to drill through the shell of a 45 inch oyster. The quantity of 
oysters drilled per year is further altered by the presence in the habitat of 
other food organisms such as barnacles and mussels. These may be considered 
animal buffers in that they likewise attract drills and in consequence prob- 
ably reduce predation of the oysters. The quantitative aspects of these re- 
lationships have not been explored to any degree. Moreover the season and 
the breeding cycle of the drill influence the rate of drilling. They feed 
voraciously after spawning, and thereafter the feeding rate declines gradual-= 
ly but irregularly as water temperatures drop. 


Selection of the drilling site depends on factors not yet understood. 
Urosalpinx perforates either valve of an oyster, preferably the exposed side, 
and every portion of the shell, but the majority of the perforations occur 
over or near the center of the valve. It does not necessarily seek out and 
attack those portions of the shell which are softer or thinner and thus easi- 
est to penetrate. 


The diameter of the drilled hole is in general proportionate to the size 
of the drill. Snails under 15 mm. in height drill holes0.5 mm. in diameter, 
and drills averaging 25 mm. produce holes 0.8 mm. in diameter. 


Feeding is entirely mechanical. Urosalpinx extends its proboscis 
through the perforation in the shell of its prey and with the radula tears 
away the softer fleshy parts. Very little of the heavier muscle is removed. 
Drills are voracious feeders. In the laboratory one snail devoured about 0.4 
cubic inch of oyster meat in 24 hours, and others have been observed to feed 
continuously for periods up to 20 hours. Federighi observed that oysters 
from which drills were removed after perforating them, with a few exceptions, 
eventually died; since oysters bored with @ m&chinist'’s twist drill lived in- 
definitely, he ascribed the death of the oyster to some toxic substance in-= 
jected into the oyster by the drill. These observations have not been con- 
firmed and call for additional study. 


The sexes are separate in Urosalpinx and no sex changes occur within an 
individual. Copulation has been described only once, and this between a 
male and female of the closely related drill, *upleura. The male mounted 
the right side of the shell of the female and extended its long slender 
penis, protected between the inwardly folded lobes of the front lateral parts 
of the foot, into the genital opening of the female. Copulation persisted 
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over a period of 21 days even though the mating pair were separated several 
times. In New Jersey Urosalpinx reaches sexual maturity at about 15 to 25 
months of age, and at a size of more than 15 mm. in height. In English 
waters full spawning is said to begin at 3 years of age and continues to an 
age of 10 to 145 years. 


Spawning begins when the water warms in the spring. In Canada, Vir- 
ginia, and North Carolina the spawning temperature is reported as 68°, in 
New Jersey as 57-59°, and in England as 54-55°F. Spawning terminates in the 
fall as water temperatures again fall below these temperatures. In New Jer- 
sey, Massachusetts, and England egg case deposition reaches a peak in early 
summer, almost ceases in mid-summer, and a second less intense wave appears 
in late summer and early fall which is believed to be oviposited by young 
drills maturing in the late summer. By contrast, in Chincoteague, Va., spawn- 
ing is said to occur over & period of about 73 months from June to January, 
with a climax in June and July. In shoal areas where water warms faster in 
the spring and cools rapidly in the fall, drills oviposit sooner and stop 
earlier than drills in deep water. 


Urosalpinx can survive where it cannot reproduce. In estuaries of fluc- 
tuating salinities it may be able to oviposit but these eggs may not develop. 
In Delaware Bay minimum salinities close to 15 o/oo are thought to be neces- 
sary for spawning and development of the young. 


Urosalpinx prefers living oysters for spawning sites but may deposit egg 
capsules on bags of shell, cement blocks, tin cans, snail shells, barnacle 
covered rocks, oyster stakes, or similar objects. Oviposition surfaces be- 
come much more attractive if projecting somewhat above the surface of the 
bottom. Before depositing her egg cases, the female carefully scrapes the 
egg laying site clean with her radula. Then at a rate of 5 or 4 capsules per 
day, she extrudes, carefully moulds, and cements each capsule to this surface. 
It is said that she does not feed during actual spawning, remaining attached 
to the spawning site, and unless disturbed, she continues until spawning for 
the season is completed. In Delaware Bay @ female over 21 mm. in height can 
deposit an average of 72 and a maximum of 96 egg cases per season; it is 
Questionable whether she will deposit this number of egg cases without feed- 
ing. 


Drill egg cases range in height from 3.4 to 8.7 mm., the size being re- 
lated to the size of the female. The tough leathery membrane of the case is 
composed of a double envelope permeable to sea water and to foreign chemicals, 
and protects the developing young from mechanical shock and from desiccation 
when exposed at low water in intertidal areas. The larger the ege case the 
greater the number of eggs per case, the number of eggs varying from 0 to 22, 
with an average of about 9 per capsule. 


The larvae develop entirely within the egg case and emerge as fully 
shelled destructive snails. The rate of development is associated with en- 
vironmental temperature, and in the field may occur in as short a time as 18 
days or be prolonged to 78 days. All early prehatching stages may be killed 
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within the egg case by submersion in water of 5 o/oo, but it takes consider- 
ably longer at this salinity to destroy the unhatched shelled stages. All 
unhatched stages may be destroyed by exposing the egg case on shore for 3 or 
4 days, or by dipping in boiling water for 10 to 15 seconds. They may also 
be destroyed by immersion in @ 1 to 200 solution of copper sulfate for 1 min- 
ute, or in a formalin solution of 1 to 100 for % minutes; however, adult oys- 
ters with injured bills may also be destroyed by these chemicals. Insecti- 
cides such as amox and rotenone have also been tried as dips and sprays in 
the laboratory, but though non toxic to oysters they are useful only for the 
destruction of the earlier prehatching stages of Urosalpinx. 


Some mortality of embryos occurs in the egg capsule, and is in part as- 
cribed to the consumption of abnormal embryos by normal ones. The rate of 
this destruction as described by different investigators ranges from 13.9 to 
58%. Fully developed shelled young drills, 0.8 to 1.5 mm. in height, emerge 
from the egg case by way of a small opening at the upper end of the case. 
Some may even drill their way out through the wall of the egg case. Four 
days to 55 weeks may elapse between the time of emergence of the first snail 
and the last. Considerable cannibalism has been reported among newly hatched 
drills in capitivity; it is questionable how wide spread this is in nature. 
Stauber from his extensive studies doubts that there is any appreciable sur- 
vival through the winter of young drills hatching from the slight late summer 
spawning in Delaware Bay since so few of these young drills are recovered the 
following spring. 


The average and maximum height of the shell of Urosalpinx varies in dif- 
ferent regions. In most localities adult drills average over 26 mm. (1 inch), 
but in Seaside, Va., specimens as large as 56 mm. (2% inches) are common. 


The most detailed research on the growth rate of U. cinerea to date has 
been performed by Cole in English waters. He collected large samples of all 
Size groups of drills at monthly intervals and by analysis of growth curves 
and growth marks, concluded that in England the drill may live to an average 
of 10 and a4 maximum of 13 to 14 years of age, achieving the following sizes: 
for the female, average 39 mm., maximum 43 mm.; for the male, average 36 mn., 
Maximum 39 mm. In America figures ranging from 9 to 19 mm are reported for 
growth during the first year, but no comprehensive studies have been carried 
out, even though this aspect of drill biology seriously merits further explor- 
ation. 


From available information on the life history of the drill it is possible 
to estimate grossly the average and maximum number of young drills produced by 
afemale. Since this information is pieced together principally from prelimi- 
nary, and in some cases unconfirmed, data on drills from scattered regions, it 
must be interpreted in this light. Assuming that a female drill deposits an 
average of 72 egg cases per Season with an average of 9 eggs per case and a 
survival of young in each case of 50%, over an average productive period of 7 
years, she may produce 2,268 young snails. On the other hand, assuming a max- 
imum of 96 egg cases per drill per season, a maximum of 22 eggs per case, 4 
mortality of 14%, and a maximum productive life of 11 years, a female could 
theoretically produce 19,980 young drills. 
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Although Urosalpinx is plagued by few enemies other than man, some unex- 
plained mortalities occur. Stauber observed @ sizable death rate in Delaware 
Bay during the winter and spring when temperatures were sufficiently low to 
inhibit migration. On one oyster bed which was drill-dredged periodically the 
percentage of dead ranged from 5% in December to 30% in March. A variable de- 
gree of cannibalism has also been reported among drills in the field. 


The oyster drill possesses but few apparent weaknesses in its life cycle, 
and thus far has rather successfully resisted man's relatively uncoordinated 
and sporadic attempts to control it. Young drills pass their larval stages 
well protected in a tough egg case and emerge already covered by a strong 
shell and operculum and well equipped to plunder neighboring spat. The pest 
is highly adaptable to a wide range of environmental conditions. The firm 
attachment of egg capsules, the fixed adherence of all post hatching stages 
to living oysters and shell during the summer months, and their relatively 
small size and drably colored shells, increase the chances for dissemination 
of the species in the management of oysters. 


To date drill control has been attempted by means of hand picking, flam- 
ing, forks, deck screens, oyster dredges, drill dredges, drill trapping, and 
hydraulic suction dredges. None of these methods or combinations of these has 
succeeded in completely erradicating the drill from oyster grounds. However 
it must be emphasized that when conscientiously applied, control has retarded 
drill destruction to a rewarding degree. By far the most modern and the most 
effective mechanical device yet used is the hydraulic suction dredge. This 
shows unusual promise and it is envisioned that continued experimentation on 
the design and operation of the dredge concurrent with further research on the 
life history, behavior, and ecology of the drill will in time bring about more 
thorough and lasting control of this gastropod pest. 


The possibility of controlling drills by chemical means has been dis— 
cussed by a number of workers. lLoosanoff and his associates first attempted a 
study of chemical control on a large experimental scale. They began studies 
in 1947 in a search for substances which would prove inexpensive, affect oys-. 
ter enemies injuriously, yet remain harmless to man and commercial marine or- 
ganisms. They have screened over 1,000 chemicals, and the information so col- 
lected, though extensive, is based on preliminary laboratory experiments. Thus 
final conclusions are not yet available. Further screening experiments and 
actual field tests are required. Several compounds have been discovered which 
appear promising because their addition to the water even in small quantities 
causes the exposed parts of drills and other snail enemies to. swell far out of 
the shell in a short time. During this distended stage, which lasts for sev-— 
eral hours to several days, the drills are incapabie of locomotion and are un- 
able to contract, and thus are vulnerable to ready attack by such enemies as 
crabs which suffer no ill effects from consuming them. 


From a purely practical point of view it is clearly evident in our pres- | 
ent state of knowledge that far more effective control of this animal could be 
exercised if oyster farmers in each infested region would cooperate in @ con- — 
certed continuing program of control. Because of the eminent success of the 
drill on commercial oyster grounds it would appear that long range effective 
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By Joseph B. Glancy 


1. Need for Oyster Drill Control 
By and large, the oyster drills or borers, Urosalpinx cinerea and 


Eupleura caudata, are the worst enemies of oysters. Oyster production in the 
U.S.A. over the last five decades has been gradually declining. 


U. S. Oyster Production 


1910 240,815,000 1b. of meat 
1920 not available 

1930 124,968,000 1b. of meat 
1940 89,384,006 " W Wy 
1950 76,656,200 " WW ~ 


A considerable part of this decline is due to the loss of productive areas 
because of pollution, but the main reason is the inability of oyster farmers 
to control drills. Most oyster growers are not aware of the seriousness of 
the drill problem. One reason for this is because so little has been done 
comparatively to control drills. Production of oysters in this country will 
never increase substantially until feasible methods of drill control are uni- 
versally established. It is the purpose of this paper to reveiw some of the 
work done on controlling drills and make suggestions for the development of 
better methods. 


Several scientists have reported on drill damage. Dr. Thurlow C. Nel’son 
and his associates have frequently given figures on oysters killed by drills 
in Delaware Bay. They estimated that an adult drill destroys 20 year-old 
oysters per season. The great and insidious damage done to oyster crops, 
however, is the destruction of newly set oysters by recently hatched drills. 
Engle described this from observations made at Milford. He found that a 
young drill could destroy 8 young spat per day. Practically all oyster bot- 
toms, setting, growing and marketing, along the eastern seaboard where salin- 
ities are suitable are saturated with these young drills. As a consequence, 
seed oyster production is almost negligible on these grounds. I have ob= 
served frequently over the years excellent oyster setting on growing and mar- 
keting grounds which is wiped out in a few days by drills. This, curiously 
enough, is not without benefit. If much of this set survived, it would ren- 
der the oysters practically unmarketable for shell stock. It occasionally 
does happen that set survives on adult oysters and when this occurs it is 
usually more profitable to handle the bed as seed. In some of the more 
southerly sections one of the drawbacks to oyster culture is the continual 
setting and survival of young oysters on older oysters resulting in a prod- 
uct that can only be handled in canneries, if used at all. 
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The reason that oyster growers are not aware of damage by young drills 
is because they do not know of the oyster set which occurs almost every year 
on their shellfish grounds, the set which is destroyed sometimes in a matter 
of hours by young drills. One of the best and most valuable series of ob- 
servations on oyster setting ever made in this country is the recording made 
every year since 1937 by Dr. V. L. Loosanoff and his associates at Milford, 
Connecticut, and issued currently in bulletin form during the spawning and 
setting season by the Connecticut Shellfish Commission. The method used is 
to plant clean shell at about 10 stations and after 3 or 4 days make counts 
on the number of oysters attached. One of these stations, number 2, is adja- 
cent to ground which the Connecticut Oyster Farms Company uses for growing 
ground and occasionally for marketing when meat yield is satisfactory. The 
count of spat per one side of 20 shells for Station 2 last summer (1952) 
which was considered a poor setting season was 135. This would be equivalent 
to approximately 5,400 spat per bushel. Practically no seed oysters survived 
at Station 2 for 1952. The spat was not all destroyed by drills, of course. 
“here are normally present in this area other enemies and also smothering 
conditions which always take a toll of young oyster spat. Nevertheless, if 
this ground had been drill-free, a crop of seed would have been obtained in 
the vicinity of Station 2 for 1952. 


Several of Dr. Loosanoff's stations are located in New Haven Harbor 
where annually about a half million bushels of shells are planted to obtain 
seed oysters. For many years I have made observations in New Haven Harbor on 
setting and survival of set. These may be summed up by stating that, if the 
number of larvae which attach is great enough to feed the drills, then seed 
will be obtained. In New Haven Harbor some drill control is secured, almost 
unwittingly, because oystermen, ostensibly to prevent fouling, dredge their 
grounds annually before planting clean, drill-free shells just prior to set- 
ting time. Comparatively few adult drills are removed by dredging, but con= 
siderable amounts of drill embryos attached to shells and oysters are taken 
from these areas. 


The Bluepoints Division controls ground off Bridgeport in Long Island 
Sound on which they plant the bulk of shells. Of all the grounds owned by 
this company, these Bridgeport lots seem to have the lowest drill popula 
tions. Oyster seed is obtained here year after year. Comparatively light 
spatfalls survive fairly well. Unfortunately, the grounds in this vicinity 
are particularly prone to starfish invasions. It may be the low incidence 
of drills is due to the starfish. It has been reported that starfish kill 
drills. Our knowledge of other enemies of drills is scant and this matter 
should be a promising field of research on drills. 


2. Drill Control Methods 
(A) CONVENTIONAL OYSTER DREDGE 


Some oystermen claim some degree of drill control with the use of the 
conventional oyster dredge. It is, of course, quite inefficient for adult 
drills because they readily escape through the large meshes of the dredge. 
The greatest advantage is perhaps secured by the removal of shells and oys- 
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ters bearing the drill embryos. Shells left on oyster bottoms enhance the 
drills' habitat by providing food and lodging. 


(B) THE DRILL DREDGE, THE WIRE TRAP AND DRILL SCREENS 


At our 1931 meetings at Sayville, Long Island, Mr. J. R. Nelson des- 
cribed the wire trap method which involves planting hundreds of poultry wire 
bags containing a peck of shells bearing oyster set which are pulled at week- 
ly intervals so that the drills may be shaken out and at the same time drill 
egg cases removed. 


Leslie Stauber at our Providence meetings in 1938 told of the use of the 
wire trap method as well as ingenious drill dredges and deck screens. I will 
not go into the detail of these, except to mention that all these methods are 
described together with the economics of their use in Bulletin 624 of the 
N. J. Agricultural Experimental Station by Leslie 4A. Stauber and George M. 
Lehmuth as of Feb. 1937. Despite the fact that these methods appear feasible 
from a cost viewpoint, their use has not become universal throughout the in- 
dustry. Some screening has been applied in the northern industry to effect 
drill separation as well as occasional use of special drill dredges and, in 
addition, in recent years several boats have been designed with mechanical 
drill screening. So far as I know, there has been no wide spread use of the 
wire trap method, despite the fact that it can be superior to the others in 
reducing the small drill population. It would be of interest to know just 
why oyster growers have not adopted these methods more widely. 


(C) TH SUCTION DREDGE 


The suction dredge is a hydraulic device for cleaning oyster bottoms. It 
appears to be a promising method of drill control. Drills, from egg to adult, 
can be captured at a rapid rate. Following the pioneering development by the 
Flower brothers, the inventors in the nineteen thirties, about 6 more suction 
dredges have been built, all with interesting innovations. One wonders, how= 
ever, if the methods of operation have been based on the soundest biological 


principles as far as drill control is concerned. 


If a symposium were to be held on the design and operation of suction 
dredges for drill control, here are a few questions which might well appear on 
the agenda: 


1. Is it advisable to design & suction dredge for any other oyster cul- 
tural operation such 4s cultch procural, harvesting, or transplanting other 
than simple drill eradication? 


2. Can the settling tanks be designed to insure that no small drills es- 
cape? 


3. In relation to the topography of oyster bottoms, what is the best 
type of nozzle to use? 
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4. How much time is required for a suction dredge to clean drills off a 
piece of ground and what is the cost? 


5. How large an area must be cleaned to prevent migrations from adjacent 
grounds? 


6. How far away from oyster grounds is it necessary to dispose of tank 
settlings containing drills? 


7. What does suction dredging do to oyster bottoms. Does it enhance it 
for oyster growing or does it make it inferior? 


8. Does rile from a suction dredge cause sedimentation on adjoining beds? 
9. How frequently must a ground be dredged to maintain it drill-free? 


10. What is the best design in regard to nozzles, suction line arrange- 
ment, screening, and pumping with or without eductors? 


Solutions to some of these questions may be aided by more complete biological 
knowledge of drills. 


(D) CHEMICAL CONTROL 


Land farmers have accrued great benefits from the use of insecticides to 
control pests. There is no doubt that drills would also be amenable to chem- 
ical control if we only knew what to use and how. Pacific coast oyster grow- 
ers report that mercuric compounds can be used to destroy drills. Engle, 
some years ago, described a method of using copper sulphate to kill the enm- 
bryos. More recently, Loosanoff has studied the effect of a great many chem- 
icals on drill behavior in an effort to find repellants as well as specific 
poisons. At present, however, I know of no practical methods being used reg- 
ularly for the chemical control of drills. It should be a very promising 
field of investigation. 


(EZ) THE SALINITY BARRIER 


This natural method of control relies on the fact that drills are killed 
or their activities inhibited in salinity zones where oysters can live, grow 
and reproduce. It has been and still is the most important factor in this 
country's oyster industry. It can almost be said that the history of the oys- 
ter industry is the history of the salinity barrier. In the northern industry 
of Massachusetts, Rhode Island, Connecticut and New York, many of the more 
brackish water oyster seed sanctuaries have been lost to pollution, industrial 
development, and depletion of spawning stocks. The Delaware Bay oyster indus- 
try has always placed almost sole dependence for its seed requirements on the 
so-called Natural Beds upstream of the Southwest Line in New Jersey and the 
Hast Line in Delaware. These areas are being endangered by pollution and de- 
pletion. In the Chesapeake and its tributaries the drill salinity barrier ex- 
isting over large areas accounts for the bulk of the oyster production of 
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Maryland and Virginia. The James River seed beds are an outstanding example 
of oyster seed production as a result of lethal salinities for drills. For- 
tunately, this area has not as yet been seriously hurt by either pollution 
or depletion and for that reason Virginia is still the leading oyster pro- 
ducing state of the U. S. 


What is the salinity barrier for drills? Federighi's work showed that 
it seems to vary somewhat according to the prevailing salinities in any one 
area. He found the death point salinity for the snails at Hampton, Va. was 
12 p-p.th., while at Beaufort it was 14. At Milford, Connecticut, Engle's 
experiments showed a lethal salinity between 14 and 15 p-p.th. In this work, 
Engle pointed out the importance of temperature, high summer temperatures 
killing in much shorter time than during the winter. Stauber, in his paper 
before the National Shellfisheries Association at Atlantic City in 1941, des- 
cribed experiments in which Delaware Bay drills survived salinities below le 
pep.th. for long periods. He mentioned that without any food two drills out 
of fifteen at the start were alive and capable of attachment and movement aft- 
er being kept for more than 19 months in water of a salinity of 10 p.p.th. 
This amazing observation shows how difficult it would be to try to starve 
drills. 


There is no doubt the salinity barrier offers a potent weapon for the 
control of drills in seed production. Unfortunately, most of the areas where 
these low salinities exist are state controlled, public grounds and unavail- 
able for leasing to oyster growers. An exceedingly interesting experiment is 
now being carried out in Delaware Bay. Heavy oyster sets obtained in the 
more saline waters of the Bay are being transplanted to the Natural Beds be- 
fore the drills can destroy them. 


3. Conclusions 


The number one problem in the oyster industry is the production of seed 
oysters. It will never be solved until better methods of drill control are 
developed by the oyster growers. Oystermen as a rule are unaware of the 
great damage done by drills particularly on newly set and small spat, and the 
scientists connected with the industry have never been urged enough or re- 
ceived adequate support for drill studies. The National Shellfisheries Asso- 
ciation has had annual meetings consecutively since 1928, with the exception 
of the year 1945, at which many scientific papers on oyster culture have 
been presented. Only eleven papers have been devoted to drill investigations 
and almost all of these were given by Prof. Thurlow Nelson and his associates 
working in Delaware Bay. At least one section of the industry has realized 
the magnitude of the problem. Dr. Loosanoff in his bulletins out of Milford 
over the years has repeatedly called to the attention of the oystermen his 
observations on drills. Much of Engle's valuable work on drills has never 
been published. 


In this paper I do not have the time to go into the scientific findings 
on drills, bur fortunately Dr. Carriker will. This subject is in capable 
hands, I can assure you, judging by the fine paper he presented to us at our 
1942 meetings at Atlantic City on the Boring Mechanism of the Oyster Drill 
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which was subsequently published in the Journal of Morphology for November 
1943. We have learned much from the scientific work on drills, but in order 
to establish better control methods we need more laboratory and field stud- 
ies on such matters as migrations, salinity tolerance, reproduction, food 
preferences, natural enemies, reaction to chemicals, growth rates, tempera- 
ture effects, differences in behavior of the two species of drills, and 
their general life histories. 
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THE SOUTHERN OYSTER DRILL 


Philip &. Butler, Fishery Research Biologist 
U. S. Fish and Wildlife Service 


INTRODUCTION 


The carnivorous gastropod, Thais, known locally as the oyster drill or 
conch, is probably the most destructive single agent affecting the oyster in- 
dustry of the Gulf States. Incredible numbers of them exist in the estuaries 
and coastal bays. They are found primarily on the oyster reefs but are not 
restricted to any particular bottom type or water depth. They frequent the 
mean low tide line on rocky shores and are caught in shrimp trawls 15 miles 
at sea in sixty feet of water. Although sensitive to salinity levels of the 
water they occur naturally in the wide range from 15 to 35 ppt. and can with- 
stand entirely fresh water for short periods. They show no reaction to 
changing pH levels within the normal range and they survive, experimentally 
at least, at oxygen levels too low to support most other marine life. 


Thais is a very successful animal, biologically speaking,and there is 
evidence that it is continually extending its range. The occurrence of its 
shells mixed with oysters in the buried reefs shows that it has been here 
for thousands of years as @ predator in the oyster community. 

References to the drill appear in the literature almost exclusively in 
connection with oyster reef surveys. Investigators in the early 1900's, in- 
cluding Moore, Pope, Danglade, and Churchill, were interested primarily in 
the incidence of the snail and published few facts concerning its biology. 
Some of their comments were quite erroneous, &s pointed out by Burkenroad in 
1931, whose paper is one of the few concerned primarily with the biology of 
this snail. St. Amant's master's thesis on the biology of Thais is the most 
comprehensive study we have, but unfortunately this paper has been published 
only in abstract. Dr. St. Amant, who is now with the Department of Wildlife 
and Fisheries in Louisiana, made his field observations in Barataria Bay in 
the years 1936 and 1937. His very comprehensive study was hampered by the 
lack of facilities for maintaining snails under laboratory conditions. 


The material I am presenting now is drawn from observations made at 
Pensacola and other Gulf areas in the past five years. Some of this informa- 
tion is new, and many of the details correct or extend our published knowledge 
of the snail. 


SYSTEMATICS 


Early papers discussed this snail under the name of Purpura haemostoma, 
although its correct name appears to be Thais floridana floridana Conrad 
1837. Clench described the Louisiané snail as a sub-species in 1927 calling 
it Thais floridana haysae. Both he and Bartsch reviewed series of snails in 
1937 and 1942 and concluded that the sub-species was valid. 2. Haysae the 
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Louisiana conch is characterized by a more rugged shell, bearing a double 
series of blunt knobs around the body whorl. Thais floridana floridana is 
reported to range from Cape Hatteras to Texas and West Indies, while 2.Haysae 
is found in the area from Mississippi Sound to Texas. There is much over- 
lapping of range in the two forms along the Gulf Coast. I have recently 
found typical specimens of each type in bays near Pensacola, Florida. St. 
Amant found in Barataria Bay, Louisiana, that they occurred in the ratio of 
6 to 9 haysae to one floridana. 


It is reported that Clench later expressed doubt as to the validity of a 
subspecies. At Pensacola we have made reciprocal crosses between the two 
types and obtained normal oviposition and development of larvae. St. Amant 
reported he was unable to find anatomical differences in the two types. Cer- 
tainly they are equally destructive to oysters and we may consider that we 
are dealing with a single animal in this discussion. I personally feel that 
we will be able eventually to associate the two shell types with different 
environments rather than with different hereditary patterns. Old snails 
measuring 3 or more inches usually have massive, chalky shells and are so 
different from younger snails that they might easily be considered a differ- 
ent species. 


REPRODUCTIVE CYCLE 


Thais is a dioecious snail, males and females occurring naturally in ap= 
proximately equal numbers. External sexual organs are not sufficiently devel- 
oped to indicate the sex until the snail reaches approximately 20 mm in 
length. In one of our surveys of a hundred mature snails collected at ran- 
dom, exactly half were female and half male. In older snails, i.e. over 23" 
length, there is a slight preponderance of females. 


The snails become sexually mature usually in their second summer, when 
they are one year old. In one instance, however, we observed normal capsule 
formation and egg deposition in a group of snails not over 8 weeks old. The 
maximum length of these snails was 25 mmseand the capsules were 4 mm long in 
contrast to the usual 10 mm capsule formed by the older snail. 


Gonad activity is initiated when water températures reach 20° C although 
temperatures may be at this level or higher for a month before egg laying oc- 
curs. Breeding period reaches its height in April - May in the Gulf area but 
capsules are deposited regularly in the period March = August. The process 
is primarily a function of water temperature rather than @ particular season. 
In the unusually warm winter of 1950, eggs were deposited both in the field 
and in laboratory aquaria during the middle of February, when water tempera- 
tures reached 22°. Breeding usually ends when temperature levels pass 30° C. 


The sn@ils deposit batches of eggs in capsules over a period of days or 
weeks. Fertilization is internal and copulation takes place as the first 
capsules are deposited. Copulation is not a necessary stimulus to egg lay-— 
ing, since we have had capsule formation in the absence of male snails. In 
all such cases the eggs were infertile and were soon destroyed by a fungus. 
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In most cases when egg laying is observed in early spring, the males will be 
found attached to the shell of the laying female. Later on, solitary females 
will be found laying fertile eggs and dissection shows masses of sperm in the 
female reproductive tract. 


Development of the fertilized eggs, which lie embedded in a jelly—like 
matrix within the capsule, proceeds rapidly. Cleavage starts at the end of 
one hour, and the ciliated veliger larva, complete with shell, develops in 
about 8 days at a temperature of 25°. At this temperature level, total time 
for larvae development to the hatching state is 12 - 16 days. However, when 
cold weather follows egg deposition, development is slowed considerably. In 
1950, for example, water temperatures dropped to 15 - 18° range after egg 
laying occurred, and larval development required 39 days. At the end of this 
period normal hatching took place and there was no apparent mortality or ab- 
normality of the larvae. 


The capsules vary in size depending on the size of the female, and are 
usually about one centimeter long. When new, they are a characteristic milky 
white color which rapidly becomes yellowish brown with age. Usually capsules 
are deposited at as high a level in the water as possible without having them 
exposed by the tide. The strong negative geotropism of the laying female at 
this time has been frequently observed and is the basis of one control method. 
However, it is by no means universal, and capsules are frequently placed on 
hard bottom materials and on under surfaces of submerged objects. When there 
is a scarcity of cultch material, the cases may be deposited in two and three 
tiers on top of each other. But in such instances, I have observed that suc- 
ceeding tiers are always attached in such a manner as not to interfere with 
the escape of larvae from the underlying rows of capsules. tach capsule con- 
tains from several hundred to 4000 eggs, and in contrast to the eastern oys- 
ter drills, there is practically no mortality within the capsule. If not 
disturbed the female deposits from 50 - 150 capsules at the rate of 6 - 7 per 
hour and may repeat this several times in the breeding season. Seven females 
under observation deposited 500,000 eggs apiece in an eight week period under 
laboratory conditions. In one month 250 females, maintained for a growth ex- 
“periment, deposited an estimated 100 million eggs. At hatching time, the 
operculum, a small closed pore at the apical end of the capsule opens by some 
unknown method and the young larvae pour out and take up their existence as 
plankters. The length of their free swimming life is unknown, but all of our 
field evidence points to a period of from 30-60 days. We have been able to 
maintain the free swimming stage for only 15 days in aquaria. By the end of 
this time they showed little growth and probably starved to death. fortunate 
ly for the oyster industry, this long free swimming period greatly increases 
the chances for larval mortality, but unfortunately it also increases the 
dispersal range of the species. The fact that adult snails exist in such 
large numbers indicates that it is a remarkably successful animal as a plank- 
ter @2s well as in the adult crawling stage. 


The escaped larvae have a strong negative geotropism which keeps them 
away from the bottom sediments after they emerge. Even violent agitation of - 
the water does not cause them to sink to the bottom. ‘they are also positive- 
ly phototropic, which must help in directing them away from an early death 
in the mud. 
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We have recovered planktonic larvae in June, July, and August but have 
not found the first crawling stages until the first week of July. They are 
quite common from then until September. In 1951, the earliest observed egg 
depositions were mid May, and the first crawling larvae were found July 6th, 
indicating a possible minimum planktonic life of seven weeks. 


When the larvae first settle to the bottom and asswne the crawling habit, 
their shell consists of 3 whorls and is about 0.8 mm long. Within the first 
week they add two more whorls, increasing their length to approximately 1.5 
mn, and at this time formation of the adult shell commences. The adult shell 
differs markedly, having @ definite pigment pattern and having minute longi- 
tudinal ridges and granulations. The larval shell persists in the young 
snail as the terminal 5 whorls of the spire and may be identified until the 
snail reaches a length of 3/4 inch, when it is usually worn away. 


GROWTH 


With the establishment of the crawling habit, growth is extremely rapid. 
In the presence of an abundance of food, snails may reach a length of 25 mms 
in a month, 40 in 2 months, and 55 mms (that's over 2") in 5 months. Growth 
is necessarily a function of temperature and food availability. Some of our 
experimental snails have been larger at 6 months than others at 36 months of 
age. I might mention here that snails do not grow best on a diet restricted 
to oysters. 


After the first year, growth rates become progressively slower, especial- 
ly under laboratory conditions. The following chart shows average length in- 
crements of a series of 600 snails in different size groups held in large 
laboratory tanks. In these tanks, they were supplied with approximately 200 
gallons of water per hour and a surplus of food was kept available. 


Length Increases in 12 Months (1950) 


Initial size in mas. 10=19 20=29 30-39 40-49 50-59 
Average Increase 28 23 iS) 10 6 
Maximum Increase 42 33 29 22 18 
Minimum Increase 20 12 8 3 0) 


The effect of temperature on growth is demonstrated by conditions in 1949- 
50 when average winter temperature for December-February was 18°C and the aver- 
age length increase for the group was 8.0 mm. The following year the average 
temperature level for the same months was 11°C and the snails failed to put 
on any new shell. Individual variations in grwoth are great. Under apparent-= 
ly optimal conditions, some snails may add 10-15 mms of shell while others in 
the same size and age groups do not grow at all. 


We have held individually marked snails under observation for over 3% 
years. From our data, we can postulate a minimum normal life span of 5 years 
and the maximum may be twice as long. Mortality rates average 12% per year 
and are somewhat higher in younger rather than older animals under laboratory 
conditions. 


70 


In view of the extended life span of the adult snail, its low mortality 
rate, few natural enemies, and high reproductive potential, the nunbers of 
larvae produced by a population of snails reaches astronomical proportions 
within a short time. We are fortunate indeed that larval mortality must be 
high or oysters might long since have disappeared from our coastal waters. 


FEEDING HABITS 


In Thais, as in other carnivorous snails, feeding is accomplished by 
means of a radula. This specialized structure is similar to a wood-working 
rasp and is moved back and forth over an object gradually wearing it away. 
There is no evidence that Thais uses a chemical as well as this mechanical 
method for drilling holes. The radula is well developed when the snail first 
takes up the crawling habit, and we have observed them drilling spat at this 
age and forming a hole .15 mm in diameter. A mature snail makes a hole ten 
or more times as large. The drilling of an oyster shell is @ slow process 
and it may take two days for the snail to penetrate the shell of a mature oys- 
ter. It should not be thought that oysters are the food of preference, how- 
ever, In repeated experiments we have found that snails attack almost all of 
the other sessile animals before attacking large oysters. Under laboratory 
conditions the order of preference is mussels, spat, barnacles, clams, hy- 
droids, and finally mature oysters. As scavengers they go over the bottom 
somewhat like a vacuum cleaner, eating a great deal of the diatomaceous ooze 
which collects on objects. they also readily attack dead crabs and shrimps 
and other animals which they may find. 


Feeding is by no means a continuous process with Thais. Scattered indi- 
viduals enter into periods of inactivity lasting for days, even when other 
snails around them are actively feeding. In the laboratory some individuals 
may climb out of the water and rest for varying periods of time on the tank 
walls. 


Snails may be kept at least three months in the absence of macroscopic 
food. They probably obtain 4 certain amount of nutrition from the slime on 
the walls of their container. Under starvation conditions, the snails will 
attack each other. There is a gradual killing off of the smaller snails until 
the entire population is approximately the same size. 


The snail's sensory perception is well-developed. Currents of water are 
carried continuously down the ciliated siphon to the gill and pass over a 
specialized organ called the osphradium. This structure is well supplied 
with nerves and appears to be an important sensory organ. There is no doubt 
that the siphon has important sensory functions too, and it waves around in 
the water something like an elephant's trunk when food is placed in a tank. 
Starved snails react to the presence of food in less than @ minute when it is 
placed at a distance of 4 feet from them. Trays of oysters placed on appar-= 
ently barren sand bottoms near the laboratory are filled with drills at the 
end of 24 hours. When drills are removed frem such trays, the tray will con- 
tinue to attract drills on many successive days, indicating that snails from a 
very wide area can be attracted to a bait. When food is plentiful, however, 
snails move about very little. They will remain within a one foot circle in- 
definitely if the supply of food holds out. 
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The snail's activity, including feeding, is under the control of temper-— 
ature as well as salinity levels. At temperatures of 12°C, about 55°F, snails 


. stop feeding and come to rest; at lower temperatures they enter a state of 


hibernation and respond only slightly to mechanical stimuli. The length of 
such hibernation periods, of course, varies with the geographical area and 
the severity of the winter climate. Usually, when hibernating, they bury 
themselves in the sand or mud. We have observed on several occasions that 

one day the rocks around the island would be covered with snails and then aft- 
er a cold spell, it would be almost impossible to find a snail. 


Snails move fairly rapidly covering 10-12' per hour on a smooth hard 
bottom. They can move up to 30' per hour on glass surfaces. We have found 
no natural bottoms which serve as a barrier to their movements. Although 
they appear to prefer the hard shell reef or rocky bottom, it is probably be- 
cause of food availability. They are able to cross without difficulty 15 
yards of mud too soft to support an oyster in order to reach a baited trap. 


SALINITY TOLERANCE 


The only really effective barrier to snail migration is a chemical one--= 
lack of sufficient salt in the water. They are normally absent from those 
areas having a sustained salinity level of less than 15 ppt. Their tolerance 
to short exposures of fresher water is broad, however, and they can withstand 
entirely fresh water for several] days without undue harm. They apparently do 
not have what might be termed a fixed minimal salinity death point. Like all 
estuarine animals they are capable of adjusting to rather wide salinity chang- 
es over a period of time. Animals that are acclimated to a salinity of 35 are 
seriously damaged if the salinity drops to 15 ppt. However, animals adjusted 
to asalinity of 20 ppt can endure a drop to 12 or even 10 ppt. without ill 
effects. The greater the salinity drop, providing it is for a short period, 
the less harm it is likely to do to the snails. They simply close their 
operculum and go into a condition resembling hibernation until the unfavor- 
able conditions change. 


In the past month, salinity levels at Pensacola have dropped to 8 for 
short periods during low tide stages and this has had no apparent effect on 
the snails, which were already adjusted to salinity levels between 14 - 19. 


When fresh waters flood an estuary, significant segments of the snail 
population may be preserved because of their location in deep pockets where 
the salt water is retained. In Mississippi Sound, for example, in 1950 when 
fresh water conditions prevailed for about 6 weeks and many oysters as well 
as drills were killed on the reefs, large numbers of drills in the deep 
channel survived and repopulated the entire area by the following year. 


Ligh TS 


the natural enemies of the mature mailare.few Under-experimental conditions 
we have observed hermit crabs attacking them in order to gain possession of 
their shells. Stone crabs, if sufficiently hungry, will crack them open and 
eat them. Probably these two situations do not occur in nature. There are at 
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least two trematodes which parasitize them and may cause considerable damage 
by invading the snail gonad. These parasites, common in Louisiana waters, 
are rare in the Pensacola area. It is doubtful that even in Louisiana they 
significantly decrease the numbers of snails. 


Our chief allies in natural control methods are fresh water and cold 
temperatures. Both of these conditions are of short duration in the oyster 
producing areas of the south and such relief as they offer is temporary and 
likely to harm oysters almost as much as the snails. Those factors causing 
larval mortality during the free-swimming state are, of course, the primary 
limiting agents in the life cycle of this animal. 


PREDATION 


For many reasons it is difficult to assess the amount of damage caused 
by drills on the oyster reefs. Oystermen in the same area may vary from 0 to 
50% in their estimate of loss due to the snail. St. Amant found in 1937 in 
Barataria Bay, for example, that much loss was being attributed to drills by 
some oystermen. In a dredged sample of almost 5000 oysters he found only 92 
dead and of these he was able to observe drill holes on only two. Of course, 
all 92 may have been killed by drills, but as he states, this is still a 
mortality of less than 2%. 


Snails kill mature oysters by drilling them, but they prefer to eat spat 
and the smaller oysters. It is possible for an oyster reef to support a 
large population of snails all summer and show no loss to the casual observer, 
since the larger oysters remain unharmed. We observed one large snail, for 
example, that was eating week old spat at the rate of 86 per day plus large 
numbers of tiny barnacles. It would have been difficult to observe this loss 
in the field. 


A second difficulty in detecting drill damage in the field results from 
their habit of opening oysters primarily on the edge of the bill rather than 
drilling through the more solid portions of the shell. I have combined the 
data from a large number of controlled feeding experiments and find that ap-— 
proximately 10% of the oysters killed by drills have complete holes through 
the surface of the shell, while 90% were killed through incomplete marginal 
holes. “hree quarters of those attacked on the margin gave no evidence of 
drilling to the casual observer. When complete holes are drilled through the 
surface of the shell, there is little preference shown in its position. They 
drill whatever surface of the oyster presents itself although there is some 
tendency for the holes to be in the posterior dorsal area, that is, near the 
oyster's exhalent current of water. We have found no preference for the mus= 
cle scar area as stated by some writers. Several drills may attack an oyster 
simultaneously, and we have seen them busily engaged drilling boxes. It is 
common to find oysters showing several incompleted holes. 


The rate of kill as shown by laboratory experiments may be misleading, 
since usually a single type of food is presented and the snails have the 
chance to consume the oysters they kill. In the field there is a wide variety 
of food available and moreover when a snail kills an oyster, it is likely that 
secondary predators will consume most of the meat before the snail has a chance. 
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The following data give the consumption of oysters by semi-starved 
snails and probably represents the maximum rate of kill. 


1" snails ate 0.3 spat (1") per day for 30 days. 
2" snails ate 0.5 oysters (2") per day for 30 days. 
2}" snails ate 3 spat (7 day old) per hour for 2 day period. 


If these figures are expanded on @ theoretical basis and assuming 4n average 
5 year life span for the snail we may say that each mature conch represents 
during its lifetime the loss of a thousand market oysters plus an untold num- 
ber of spat. 


In experiments in which snails were presented with a choice of spat or 
mussels as food the results were quite striking. Within two hours 25% of the 
mussels were eaten and none of the spat were attacked. At the end of eight— 
een hours, all mussels had been eaten, 10 percent of the spat had been eaten 
and another 50 percent were being consumed. Forty percent of the spat were 
still untouched. Over @ period of days there is a preferential selection of 
approximately 8 mussels to one spat. 


We may abstract from this wealth of biological information certain items 
of possible interest to us in devising control methods. Some of these fac- 
tors are utilized now by oystermen and have been used for a long time. 


In the breeding season the snails are very gregarious and exhibit a 
marked negative geotropism. In other words, they gather in relatively large 
groups and climb up on any hard object sticking up from the bottom in order to 
deposit their eggs. It is possible to kill large numbers of adults and eggs 
by placing stakes on the reefs during this period and removing them when cov- 
ered to dry out. This method is only partially effective because of the short 
period of development within the capsule and the extended period in which cap- 
sules are deposited. 


The sensory keenness of the snail plus its fondness for young oysters 
makes it possible to place wire bags baited with spat on the reefs and attract 
large numbers of snails. By inspecting such traps regularly, it is possible 
to destroy a significant part of a snail population. This method is suffie 
ciently satisfactory so that some private planters have in use over a thousand 
such traps on their leased beds. Their difficulty lies in the amount of labor 
required to handle and inspect them at regular intervals. 


Little else has been done towards controlling the snail other then the 
hand-culling which is practiced when tonging or dredging oysters. The use of 
the suction dredge and screening of the material as done in New England is 
not possible in the south because of the generally soft nature of the reef 
bottoms. 


What other factors should we consider in planning possible control meth- 
ods? This question brings us pretty much up against a blank wall. There is the 
not very promising possibility of discovering some chemical cheap and selective 
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enough to be dumped in the water to kill just the snails. A somewhat more 
hopeful idea is that of developing a biological control, such as the trematode 
parasite which invades the snail gonad and destroys its ability to reproduce. 


I offer two suggestions which may eventually prove helpful to the indus- 
try. The first of these, so far as I know, is an untouched field, i.e., the 
use of electrical currents - either in creating barriers to snail migrations 
or as a lure attracting them to traps. The second suggestion is the inven- 
tion of @ baited trap similar te those now in use but with the important addi- 
tion that this trap should permit entry but not exit of the snails. As you 
know, the use of the word trap in connection with the present device is most 
misleading, since snails are able to wander in and out at will and only those 
are caught which happen to be feeding at the time the "trap" is examined. I 
believe that a trap permitting only entrance of the snails is entirely feasi- 
ble. We have done some work on it, using @ one-way swinging door in the en- 
trances. Our early efforts alOng this line were only partially successful 
and we did not have sufficient assistance to continue the project. I feel 
certain that with the construction of such & trap on an economical basis we 
shall have gone a long way in solving our problem of snail control. 
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The Gulf Coast Yonch, Thais haemastoma 


James N. McConnell, Chief 
Division of Oysters and Water Bottoms 
Louisiana Wild Life and Fisheries Commission 


Probably the most destructive of all the natural enemies of the Louisiana 
oyster, Crassostrea virginica, is the oyster drill or borer, Thais haemastoma. 
This species feeds on oysters and other bivalves almost exclusively when avail- 
able. 

The borer, to obtain its food, drills a round hole through the shell of 
the oyster and extracts the meat by means of an extensible proboscis. Young 
oyster spat seem to be preferred when obtainable; however, any size oyster 
may be attacked. When larger oysters are used for food the ventral edge of 
the shell is most often the point of entrance, and in places where drills are 
plentiful and oysters scarce the writer has seen as many as eight drills at-= 
tached and feeding on one large oyster, all of them entering through the 
shell edges. From my observations it seems that the softest parts of the 
oyster are eaten first and the tougher muscle area last. This serves the 
conch in good stead, for if the muscle were eaten first, the shell would 
partially open and crabs and fish would quickly devour the exposed oyster 
meats. 


Breeding Habits 


Breeding season in Louisiana seems to be governed by water temperature 
and usually starts in early April and runs into July, with a peak period 
reached in May. At this time Thais becomes negatively geotropic, for the 
breeding period only, and climbs on any elevated object to lay its egg cap— 
sules, being careful to deposit these capsules below the low water line. The 
egg capsules are fastened to this elevated object thereby becoming free from 
debris and silt. Martin D. Burkenroad, in his paper on Thaig haemastoma, 
written while working in Louisiana, states that "each capsule contains about 
1,000 eggs and a female produces 100 or more capsules." 


Methods of Control 


Permanent control is almost impossible, for the young larvae when hatched 
from the egg capsule are free-swimming, and although unable to stand water of 
low salinity will come back into areas again as soon as the salinities are 
favorable. It is my understanding we can use as @ salinity tolerance the fig- 
ure of approximately fifteen parts per thousand. Where many conchs invade 
privately leased grounds, fishermen take advantage of their natural climbing 
instinct during the breeding season and attach palmetto fronds to poles and 
stake off their leases with these traps which they run two or three times 
weekly, sometimes even daily. The stakes are pulled up and the climbing 
egg-laying conchs are shaken off into their boats. The conchs thus gathered 
are usually deposited on land in large piles where they dry up and become an 
olfactory nuisance for severai months. 
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Although there has been some small demand for these animals to be used 
for food in the New Orleans area, it has only been in the last year or two 
that there seems to be @ demand from the Kastern markets for processed canned 
conchs. The Golden Meadow Fisheries Company, one of our local canning plants, 
has been processing and canning these drills experimentally for the last two 
years. It is my understanding now that from one Eastern concern alone an or- 
der has been received for twenty to thirty thousand cases of these canned 
conchs. 


When properly cooked and handled, these oyster enemies could become a 
tasty and nutritious addition to the nation's food supply. 


As an incentive for the gathering of these animals in large quantities, 
the Golden Meadow Fisheries Company will pay much more per barrel for conchs 
than is now being paid for oysters, provided large enough quantities can be 
obtained for canning purposes. It seems probable that only during the breed- 
ing season when large concentrations of these animals occur can sufficient 
quantities be obtained for canning. 


There is one other possibility that occurs to the writer of obtaining a 
large supply of conchs for canning. During the last several years, more and 
more of our oyster fishermen are turning to the transplanting, for steam can- 
ning purposes primarily, of seed oysters from the natural reefs east of the 
Mississippi River to the higher salinity growing grounds west of the River, 
principally in Plaquemines and Jefferson Parishes. This transplanting occurs 
during the months of September, October and November, and during the months of 
January, February, March and April and part of May are removed by "shovel back" 
dredging operations and brought to the steam canning plants for packing. In 
Many places in this high salinity area large quantities of conchs have gathered 
to feast on the transplanted oysters, and since the fisherman ordinarily cleans 
his beds by dredging after the season so as to prepare his lé@ased areas to re- 
ceive the new planting in September, it seems quite feasible that at this time, 
for at least a two-week period, a collection system could be instituted that 
would make it financially profitable for a canning plant to continue to operate 
after the closing of the oyster season. 


In summarizing, it seems to this writer that the best way in Louisiana to 
combat the oyster drill is: 


First, to plant your seed oysters in areas where the water salinities re- 
m@in normally below the tolerance figure of fifteen parts per thousand. 


Second, to continue and increase the present method of trapping with 
poles and palmetto fronds during the months of April, May and June. 


Third, to continue to increase the demand for canned conchs which seems 
to be a tasty and excellent food product. 


As the demand increases, more fishermen will become interested in supply- 
ing the conchs not only for the financial consideration but primarily because 
they will be helping to eliminate (in high salinity areas) the Gulf oyster's 
most potent natural eneny. 
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MORTALITIES OF OYSTERS IN TRAYS AT GLOUCESTER 
POINT, YORK RIVER, VIRGINIA 


Willis G. Hewatt, Texas Christian University and Jay D. Andrews, Virginia 
Fisheries Laboratory 


ABSTRACT 


Methods which have been used in the past for estimating oyster mortali- 
ties on natural or cultivated oyster beds have not only been unsatisfactory 
but have lead to confused and conflicting reports on the mortalities existing 
in oyster producing waters. The procedure of comparing the numbers of shells, 
boxes and live oysters has also created much speculation regarding the causes 
of reported high mortalities in different areas. Observations on oysters 
grown in trays appears to be the most satisfactory method of determining the 
rate and the time of occurrence of mortalities. If the trays are examined at 
frequent intervals gaping oysters can be recovered in sufficient numbers to 
permit @ more accurate determination of the cause or causes of death. 


In the summer of 1950 a few trays of oysters, from known sources, were 
suspended from the Virginia Fisheries Laboratory pier in the York River. The 
oysters in the trays were examined daily during the summer and at less fre- 
quent intervals during the remainder of the year, Other trays of oysters 
were added to the group in 1951 and 195e. Gaping oysters recovered from the 
trays were examined for evidence of the possible causes of mortality. 


The annual mortalities recorded for the trays were relatively uniform, 
ranging from 20 to 34%. The combined mortality for all of the trays for the 
warmer months, June through October, was approximately six times as great as 
that recorded for the colder months, November through May. During the three 
months of July, August and September 18% of the mortalities occurred. Oys- 
ters transplanted from low-salinity waters revealed a distinct delay in the 
appearance of high mortalities. 


The possible cause of the periodic high mortalities will be discussed in 
another report. 


78 


INCIDENCE OF DERMOCYSTIDIUM MARINUM, MACKIN, COLLIER, AND OWEN 
A FUNGUS DISEASE OF OYSTERS, IN VIRGINIA 


Jay D. Andrews and Willis Hewatt 
ABSTRACT 


Between July 1952 and March 1954, meats of 228 dying oysters were tested 
by the Ray method for Dermocystidium marinum, Mackin, Collier and Owen, @ 
furigus disease of oysters. These gapers (dying oysters with meats) were ob- 
tained from trays of oysters suspended from the pier of the Virginia Fisher- 
ies Laboratory at Gloucester Point, Virginia. From July to Yctober approxi- 
mately 90% of all gapers had infections of the fungus. Heavy infections 
were by far the most common followed in decreasing order by moderate and 
light infections. Infections were less frequent during the winter months 
and almost disappeared entirely from February to May inclusive. 


In August 1952, 398 live oysters from nine scattered locations were 
tested and showed only 25% infections. Heavy infections were few; the num- 
ber of moderate and light infections was somewhat greater. The greatest 
number of infections of live oysters occurred in the lower bay, lower York 
River and Hampton Roads. The fungus was not found in the James River seed 
area. 


Later tests have shown few infections of live oysters in December and 
scarcely any in April and May. 
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STUDIES ON THE OCCURRENCE OF DERMOCYSTIDIUM 
MARINUM IN YOUNG OYSTERS 


by 


Sammy M. Ray® 
INTRODUCTION 


This investigation was conducted to determine the incidence of Dermocys-' 
tidium marinum Mackin, Owen, and Collier, in young Crassostrea virginica 
(Gmelin) maintained in water in which this parasite is endemic. Data ob-= 
tained by Dr. J. G. Mackin in some of his studies indicated that D. marinum 
occurred infrequently in oysters less than a year old. In the’ present stud- 
ies the thioglycollate culture technique (Ray, 1952a and 1952b) was employed 
to examine oysters for the presence of this fungous parasite at various 
periods beginning shortly after setting, and extending approximately one 
year. Two groups of these young oysters were used. In addition, two other 
groups of oysters of more advanced age were studied in order to compare the 
intensities of infection in various age groups. One of these older groups 
was approximately one year old at the beginning of the study and the other 
group was composed of oysters four or more years old. 


METHODS AND MATERIALS 


On June 11, 1952, six bags of clean oyster shells were put out at each 
of two stations: Sugar House Station (extreme lower Barataria Bay, La.) and 
Station 51 (middle lower Barataria Bay, La.). These shells were taken up on 
June 25 and June 26, 1952. The shells bearing spat were separated, and each 
spat (usually one, rarely up to three per shell) was marked on the right 
valve with finger nail polish. The marked spat were placed in bags of gal- 
vanized chicken wire and suspended from the dock of the Texas A. & M. Re- 
search Foundation Laboratory located over Bayou Rigaud, Grand Isle, La. The 
bottoms of these bags were suspended approximately one foot above the water 
bottom. This group of spat was designated as Group A. 


lgrateful acknowledgement is made to the Texas A. & M. Research Foundation 
for the facilities made available for this investigation. Sincere appre- 
ciation is expressed to Dr. J. G. Mackin and Mr. J. L. Boswell for valuable 
assistance; to Mr. Fred Cauthron for the preparation of the lantern: slides, 
and to Mr. J. L. Plock of Greenport, N. Y., for furnishing some of the oys- 
ters used in this investigation. 


“Biology Department, Rice Institute 
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On June 12, 1952, a large number of spat (estimated age, one to three 
weeks) were found on "boxes" in some of the storage trays in Bayou Rigaud. 
These spat were treated in the same manner as those described above. This 
second group of spat was designated as Group B. Spat that subsequently be- 
came attached to the shells in these bags were periodically removed to avoid 
confusion, and the marked spat were occasionally re-marked to insure proper 
identification. The bags containing both groups of spat were located within 
six to eight feet of several trays of oysters that were at least 75 percent 
infected with D. marinum during the summer months. 


On June 25, 1952, Dr. J. G. Mackin removed a tray of approximately one 
year old oysters from the storage racks in Bay Chene Fleur, La., and placed 
it on the storage racks in Bayou Rigaud. These oysters were caught as spat 
in Sugar House Bayou between June 21 and July 23, 1951. They were maintained 
in Bay Chene Fleur, La,, from July 24, 1951, until June 25, 1952. This group 
of oysters was designated as 11 to 12 month old oysters. In view of the fact 
that oysters approximately a year old were known to be susceptible to D. mar- 
inum, this group served as a control in this investigation. Twenty-five of 
these oysters were examined on June 25, 1952, and all were negative. This 
indicates that the level of infection was very low. Howerer, a "gaper" which 
was heavily infected was recovered from this group on the same day, indica- 
ting that there were a few infected oysters. 


The fourth group of oysters, estimated to be four years old, was ob- 
tained from Gardiner's Bay,..Long Island, N. Y., on August 21, 1952. These 
oysters were used to determine the time required for oysters from a non-en- 
demic area to become infected when placed in endemic waters. These oysters 
were maintained in trays on the tide gauge racks in Bayou Rigaud. Thirty of 
these oysters were ex@mined on August 22, 1952, and all were found to be neg- 
ative for D. marinun. 


In most cases the diagnoses were based on the examination of rectal 
tissue after 48 to 72 hours of incubation. The Groups A and B spat were cul- 
tured in entirety through August 22, 1952. After this date rectal tissue and 
a part of the visceral mass were cultured for examination. The procedure 
followed in examining the cultured tissues was the same as previously des- 
cribed (Ray, 1952b). At the time of culturing the length of each of the spat 
in Groups A and B was measured to the nearest millimeter. The method used 
for estimating the intensity of infection was the same as previously outlined 
(Ray, Mackin, and Boswell, 1953) in which three intensities of infection 
(light, moderate, and heavy) were defined. In the present studies the inten- 
sities were further subdivided into very light, light to moderate, and moder- 
ate to heavy. While a heavy infection is sharply separable from a light in- 
fection, the limits of the intervening categories are not easily defined, for 
they are largely 4 matter of personal judgment based on more or less exten- 
sive experience. The criteria used for determining the six categories of in- 
fection intensities are briefly described below: 


1. <A heavy infection is one in which the parasites occur in such enor- 
mous numbers that the major part of the tissue macroscopically shows a dull 


81 


green-blue to blue-black color after treatment with iodine. With occasional 
exceptions, microscopic examination is not necessary for diagnosis of heavy 
infections. In a very few instances of heavy infection, macroscopic diag- 
nosis is not possible because the organisms fail to enlarge or to stain 
normally after the usual treatment. However, in such cases microscopic ex= 
amination reveals the heavy nature of the infection since the tissues are 
packed with the cells of the parasites. 


2. <A moderate to heavy infection is one in which the parasites are pres- 
ent in large numbers. This intensity differs from a heavy infection in that 
less than one-half of the tissue gives a macroscopic blue reaction with 
iodine. On the other hand, a moderate to heavy infection differs from a mod- 
erate infection in that some localized areas of macroscopic blue cohor appear 
after the iodine treatment. 


3. A moderate infection is one in which the organisms are so numerous 
in the tissues that one may expect to find some in every field at 100X mag- 
nification, but the masses of the cells of the parasites are more or less lo- 
calized, i.e., there are concentrations of parasites in some areas while oth- 
ers have relatively few of them. A moderate infection does not show a macro- 
scopic blue color when the tissue is treated with iodine, although sometimes 
in cultures more than 72 hours old the tissues may be slightly tinged with 
blue. This may also occur when the majority of the organisms enlarge to an 
unusual degree (100 to 150 mw in diameter). 


4. A light to moderate infection is one in which some areas may be en- 
tirely free of the parasites and other areas may show localized concentrations 
containing something like 25 to 50 parasitic cells, or one in which the or- 
ganisms may be scattered throughout the preparation more or less uniformly so 
that two or three parasites may be seen in each field at 100X magnification. 


5. A light infection will show more than 10 organisms up to approximate- 
ly 100 in the entire preparation. In such infections the parasites may be 
scattered singly in the tissues or they may occur in isolated clusters of up 
to 10 to 15 organisms. The total number of organisms per preparation is not 
used alone to define the upper limits of a light infection; consideration is 
also given to the concentration of the parasites with regard to the amount 
of tissue being examined. 


6. Avery light infection consists of finding one to ten organisms in 
an entire tissue preparation. 


“he estimated intensities were used to derive the “weighted incidence” 
for each sample checked. The system used herein for determining the weight- 
ed incidence is that devised by Dr. J. G. Mackin, in which a numerical value 
(weighted incidence) is obtained by arbitrarily assigning values of one-half, 
one, two, three, four, and five, to very light, light, light to moderate, 
moderate, moderate to heavy, and heavy infections respectively. The sum of 
these values when divided by the number of individuals in the sample gives 
the weighted incidence per oyster. The weighted incidence, which combines in- 
cidence and intensity of infection provides a much better index of the degree 
of infection than incidence alone. (See graphs 1 and 2). 
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Additional studies on the thioglycollate culture technique indicate that 
a slight modification of the method for rehydrating the medium results in a 
more uniform enlargement of D. marinum. This modification consists of using 
distilled water containing 20 grams of NaCl per liter for rehydrating the 
fluid thioglycollate medium instead of sea water or distilled water as previ- 
ously advised (Ray, 1952a and 1952b). 


RESULTS AND DISCUSSION 


The results of the examinations for D. marinum, as well as other perti- 
nent data, are recorded in Tables I, II, III and IV. Graph 1* was prepared 
by plotting the incidence of infection in percent in the three different age 
groups studied, against time in months. Graph 2** was prepared by plotting 
the weighted incidence in the three age groups against time in months. 


An inspection of Tables I and II shows that the incidence and intensity 
of D. marinum in young oysters is extremely low (incidence less than one per- 
cent) during the first three to four months after setting. Only two individ- 
uals were found to be infected out of 275 spat that were checked between June 
12 and September 19, 1952. One of these two cases of sporadic infection was 
found in 4 spat six to eight weeks old and the other was found in @ spat nine 
to ten weeks old. Because of the paucity of data obtained during October and 
November, and the fact that lower water temperatures during the fall and win- 
ter months bring about a decrease in the infection rate of D. marinum, no 
conclusions can be drawn at the present time as to whether or not this low de- 
gree of susceptibility continues for a longer period. Perhaps the high degree 
of refractivity to this fungous parasite is due to an "age immunity". If this 
be true, however, it is the reverse of the usual situation, for in all other 
cases of “age immunity" to animal parasites resistance increases with advan- 
cing age after the brief period when, in mammalian hosts, the offspring are 
passively protected by anti-bodies acquired from the mother. Other possibili- 
ties are (1) that this low infection rate may be due to some factors connected 
with the feeding of the host and/or the life cycle of the parasite; (2) that 
the phagocytes, which constitut? an important defense mechanism in inverte- 
brates, may be more effective in resisting the invasion of D. marinum in young 
than in older hosts; (3) that the high metabolic activity of the rapidly grow- 
ing spat may contribute considerably to this apparent "age immunity". 


Further examination of Table I shows a more or less gradual increase in 
the incidence and intensity of infection from November 28, 1952, to June 13, 
1955. One oyster was found to be infected out of 15 examined at 23 to 24 
weeks, And another one out of the same number was found to be infected at 33 
to $4 weeks. At 41 to 42 weeks, two of the oysters out of 15 examined proved 


* Incidences of Group A spat (7-17-52) and Group B spat (7-18-52) combined 
and plotted at 7-18-52. 


**Weighted incidences of Group A spat (7-17-52) and Group B spat (7-18-52) 
combined and plotted at 7-18-52. 


85 


to be infected. It is evident from data presented in Tables I and II that 
the susceptibility of these oysters was significantly increased approximately 
one year after setting. At this age, 30 of the 92 individuals checked (about 
33 percent) were diagnosed as positive for D. marinum. The weighted inci- 
dence for this group of oysters at this time was 0,6. 


The growth of the spat in Groups A and B as indicated by the total 
lengths was very good. At approximately one year of age the majority of 
these oysters were well shaped and rather deeply cupped. The oysters in 
these two groups averaged 81 millimeters in length about one year after sett— 
ing. 


An examination of Table III reveals that oysters 11 to 12 months old be- 
came positive for D. marinum after one month in Bayou Rigaud. An examination 
of Table IV reveals that the Long Island oysters were found to be positive 
between the first and third week. There was some mortality among the Long 
Island oysters within six weeks after initial exposure which was probably 
caused by D. marinum. Except for the initial mortality, which was certainly 
due to the effect of transportation, the Long Island oysters showed a rela- 
tively low mortality until the weighted incidence reached a relatively high 
level. 


A study of Graph 2 shows clearly that there was a very significant age 
differential in the degree of susceptibility among the three age groups con- 
sidered in this investigation. In the first place, the Groups A and B spai 
required a year to attain the weighted incidence (0.6) which was reached by 
the year old oysters within eight weeks. Similarly, one may note that Long 
Island oysters attained within six weeks a weighted incidence (1.55) which was 
50 percent higher than the maximum weighted incidence (1.0) which occurred in 
the year old oysters within 12 weeks. 


Although this investigation was not set up 4s a mortality study, some 
data were obtained on the mortality that occurred in each group except the 
group of 11 to 12 month old oysters. The mortalities in Groups A and B were 
not checked until the spat were about one to two inches in length. These spat 
did not appear to have an appreciable mortality until small conchs (Thais) en- 
tered the bags. The mortality from conchs greatly decreased as the oysters 
increased in size. It is assumed that the small conchs were unable to pierce 
the valves of the larger oysters, and also that the activity of the conchs 
probably diminished during the cool months. The percent of mortality per day 
recorded for the Group A spat in Table I represents the combined mortality of 
the spat collected at Sugar House Station and Station 51. Except for the mor- 
tality due to conchs, the mortality of the Groups A and B spat remained at a 
low level during the entire year. From April 3, to June 6, 1953, the Group B 
spat showed a mean mortality of 0.08 percent per day; the Group A spat showed 
a mean mortality of 0.14 percent per day from April 3, to June 13, 1953. 


The mortality figures given in Table IV for the Long Island oysters are 
not exactly accurate in all cases because the mortalities were not determined 
at each interval that oysters were removed for Dermocystidium examinations. 
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The mortality figures recorded in Table IV were obtained by taking the average 
of the percent mortality derived in two different ways. One value represented 
the percent mortality based on all oysters on hand at the beginning of each 
period, including those that were removed for examination. The other value 
represented the percent mortality based on the number of live oysters on hand 
at the end of the period. The mortality figures for April 3, and June 4, 
1953, are accurate. On April 3, 1953, 14 "boxes" and five "gapers" were re- 
covered. This suggests that @ large percentage of the mortalities that ac- 
cumulated between February 5, and April 3, 1953, had occurred very recently, 
or this number of "gapers" would not have been recovered. Three of these 
"capers" were heavily infected and two moderately infected. This sharp rise 
in incidence and intensity of D. marinum as well as mortality is undoubtedly 
associated with the rise of water temperatures. Between April 3, and June 4, 
1953, several conchs entered the tray containing the Long Island oysters. It 
is not known how many of the mortalities that occurred in this tray were 
caused by the conchs. It is the opinion of the author that damage from the 
conchs was negligible. The oysters were encrusted with large numbers of small 
oysters which the conchs were observed attacking at the time the tray was ex- 
amined. Of the 50 "boxes" recovered at this time, three bore evidence of crab 
damage. ‘Therefore it is not possible to state definitely what part of the 
mortalities occurring at this time was due to Dermocystidium infections; never- 
theless, in view of the extremely high weighted incidence (2.3) among the liv- 
ing oysters at this time, the author believes that the great majority of the 
mortalities were caused by D. marinum. It also should be noted tnat tnere was 
a marked decrease in weignted incidence along with a slight decrease in inci- 
dence in November, 1952, and January, 1953. This decrease suggests that oys- 
ters are able to rid themselves of some of the parasites during the colder 
months. 


CONCLUSIONS 
The data presented in this paper permits the following conclusions: 


1. That oysters three to four months old are highly refractive to D. 
marinum infections. 


ze. That oysters from the third or fourth month to one year old are in- 
creasingly susceptible. The data suggest that the increasing susceptibility 
is carried into the second year. 


5. That oysters approximately a year or more old may become infected 
with D. marinum within three to four weeks when maintained in highly endem- 
ic waters. 
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TABLE I 


Spat (Group A) 


No. Approx, Min. Max. Av. % Wghtd. % Mortality 
Date Exan. Age Leth. Lgth. Lgth. Pos. Incid. Per Day 
6-26-52 26 12 6 13 10 0 0 sat 
(Sta.51) wks. 
2-2-52 25 223 zr 20 14 ) fe) ae 
(S.H.) wks. 
7-17-52 34 4-5 16 33 25 fe) 0 cues 
(GaSaHie) wks. 
7-31-52 27 6-7 25 45 34 fe) 0 0.08 
(Sta.51) wks. 
8=22-52 27 9-10 29 52 40 S09 set od 0.08 
(S.H.) wks. 
8-31-52 _ 10-4), o= ae = So. +8. 1. 5° 
wks. 
9-19-52 25 T1437 58 45 fe) 0 0.22 
(.S.H.) wks. 
ab tees eee = as Bi +R. 0.25% 
wks. 
meee-62 15 23-24 44 70 55 6.6 °°0.07 0.27” 
(S.d.) wks. 
2-5-53 15 36-34) ao 71 56 6.6) * "Osls Qos 
(S.H.) wks. 
4-35-53 15 41-42 58 84 7 tees “Ores 0.02 
(Sta.51) wks. 
6-13-53° 39-54 51-52 42048 ~—S—(«w108 81 37.0: 0.66 0.14 
wks. 


dashes indicate that no data were obtained. 


“vortality due mainly to smell conchs. 


Ssugar House Station (29 individuals) and Station 51 (25 individuals) com- 
bined. 
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TABLE II 


Spat (Group B) 


No. Approx. Min. Max. Ay. % Wghtd. % Mortality 
Date Exan. Age. Leth. Lgth. Lgth. Pos. Incid. Per Day 

gaie=52) | 365 1g 4 15 9 0 0 So 
wks. 

6-26-52 25 3-5 le 25 ily 0) 0 --- 
wks. 

7-18-52 26 6-8 21 48 31 3.8 0.08 --- 
wks. 

B=s0=625 <= 12-14 ae SS oe _ 0.33" 
wks. 

9-19-52 25 15-17 27 59 47 6) (0) 0.14° 
wks. 

Wosi1=52:, =- 18-20 ee 23.92 Se = 0.19 
wks. 

2-5-5353 -- 35-37 -- -- -- -<-- --- 0.08 
wks. 

4-3-53 == 43-45 == -- -- --- --- 0.04 
wks. 

6-6-5383 38 52-54 50 99 81 26.3 0.5 0.08 
wks. 


iL : : 
Dashes indicate that no data were obtained. 


2 
Mortality due mainly to small conchs. 
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Date 


6-25-52 


7-2-S2 

7-952 

7-16-52 
7-18-52 
Te25—02 
7-30-52 
8-22-52 
9-19"52 


10-1 1-52 


lo, 
ixan. 


25 


10 
10 
10 
10 
10 
10 
10 
10 
20 


TABLE III 


Oysters 11 to 12 Months Old 


Time in Highly 
Endemic Waters 


None Since First 
Month After Setting 


1 


wkKe 


wks. 


wks. 


« 2 days 


wks. 
wks. 
WKS. 
wks. 


wks. 
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Percent 
Positive 


(0) 


60 


Weighted 
Incidence 


9) 


Date 


8-22-52 


8-30-52 


9-12-52 
9-19-52 
9-26-52 
10-3-52" 
10-11-52 
10-17-52 
10-25-52 
11-28-52 
112-58 
2-5-53 
4-3-53 


6-4-53 


No. 
Exam. 


30 


10 


10 


10 


10 


10 


10 


10 


10 


10 


10 


10 


TABLE IV 


Long Island Oysters 


Time in Highly 
Endemic Waters 


1 day 


8 days 


3 wks. 

4 wks. 

5 wks. 

6 wks. 

7 wks. 

8 wks. 

9 wks. 
14 wks. 
16 wks. 
19.5 wks. 
27.5 wks. 


36.5 wks. 


lpashes indicate that no data were 


Percent Weighted Percent 
Positive Incidence Mortality 

Per Day 

fe) (0) (27 died out 
of 2 bushels) 

() ) (4 died since 
8-22-52) 

20 0.15 ---l 

30 0.25 --- 

20 0.10 --- 

70 1.55 --- 

60 1.35 0.20 

60 1.20 ---- 

60 2.00 --- 

50 0.35 0.08 

50 0.50 --- 

~~ --- 0.14 

80 2.00 0.24 

90 2.30 One 

obtained. 


2 . 5 
A heavily infected "gaper" recovered on this date. 
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EXPERIMENTS ON THE EFFECTS OF SEISMOGRAPHIC EXPLORATION ON OYSTERS 
By 


Fred W. Sieling 


Introduction 


To investigate the effects of seismic exploration for oil on oysters in 
the Barataria Bay, Louisiana, region, two experiments were conducted during 
1949-1950. This work was initiated because claims were made by commercial oys- 
termen that (a) the explosive charges used in this work killed oysters out- 
right; (bv) the gas which bubbles up from the shot holes is lethal to oysters; 
and (c) the bottom is softened or shifted by the explosions, thus causing the 
oysters to be buried and subsequently die. Therefore, the experiments using 
normal operating procedure for seismic exploration for oil were planned to 
provide answers to these questions. 


In the marshlands along the Gulf coast large deposits of oil have been 
found under the bayous and marsh. To locate these deposits without the drill- 
ing of unnecessary holes involving large expenditures of money and time, the 
system of seismographic exploration is used. As this system is used in the 
shallow water and marsh along the Gulf of Mexico, the charges of explosive are 
placed in pipes which are in holes drilled into the bottom. These holes are 
drilled or jetted into the bottom by powerful pumps forcing water thru a noz- 
zle set into the bottom muc. As the hole goes deeper extra lengths of pipe 
are screwed on and the drilling continued to the desired depth. These pipes 
are of light steel and may extend into the bottom for over a hundred feet. The= 
explosive used, usually Nitramon, is packed in one pound cans which are 
equipped with screw threads at each end. By means of these threads the cans 
are put together in long sticks and electrical detonators are attached to the 
upper end and they are lowered into the pipes to the desired depth. The 
charge is set off when the seismographic recording machines are in the proper 
positions. Several charges may be set off in the same hole, the deepest 
charge always being first. The visual results of these explosions are small 
geysers of mud and water blown up to a height of 50 to 100 feet from the top 
of the pipe which is usually several feet above the water level. The sensa- 
tion to a person standing in a boat nearby is that of a sharp slap on the 
bottom of the feet. After the explosion the top section of the pipe which is 
above ground is unscrewed and removed, water and mud filling the hole. 


Review of the Literature 


In reviewing the literature on the effect of underwater explosions on 
marine life it is found that researcn has been limited. However, when the 
field is narrowed to tne effects of explosives on oysters it is found that 
the work of the Louisiana Department of Wildlife and Fisheries is almost the 
only work which has been done. In the Louisiana Department of Conservation 
report for 19358-1939 it is stated that some experimental work of a preliminary 
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and rather crude nature was done along this line. In this study, carried out 
by L. D. Kavanagh, the charges were laid on the bottom at different distances 
(varying from 175 to 750 feet) from oyster beds. After the explosions, the 
oysters from the beds were tonged up and ex@mined. It was stated that some 
oysters were stunned and some had mud in them. Charges varying from 30 to 70 
lbs. were used, but no particulars as to combinations of charges and distances 
were given. The report ends by saying that more work should be done. 


In 1941 a series of regulations was established which set up restrictions 
which it was felt would permit satisfactory exploration for oil and still not 
injure either public or private oystering interests. These regulations are 
still in force and virtually unchanged since their promulgation. 


J. N. McConnell, writing in the 16th Annual Report of the Department of 
Conservation, stated that further studies were carried out in 19435, but no de=- 
tails of methods, charges, or results have ever been reported. 


In 1944, Gowanloch and McDougall conducted a series of experiments to de- 
termine the effect of heavier charges on oysters. This was at the request of 
certain oil exploration interests in the Gulf of Mexico and the proposed ex- 
ploration was in the heart of the shrimp fishing grounds. In this work 800 
pounds of dynamite failed to kill oysters suspended in cages at 50 feet dis-— 
tance from the charge, but it is stated that the authors felt that additional 
work was needed. Gowanloch and McDougall again in 1945 report on a series of 
experiments "in which great care was used to check the validity of the conclu- 
sions’ as stated by the authors. In this work they found that oysters were 
not damaged by 400 pounds of dynamite which was exploded 25 feet under the 
surface of an oyster bed. It is also stated that oysters were not damaged by 
gases emitted as a result of the explosions, either at the time of the shot 
or at the time of a subsequent examination of the experimental animals. An 
anonymous report of the Chesapeake Biological Laboratory states that approxi- 
mately 2% of the oysters exposed in bags on the bottom within 100 feet of a 
thirty pound suspended charge of TNT and within 200 feet of a 300 pound 
charge of TNT were killed at once. The report also states that somewhat in- 
complete data indicate that 6% of the oysters so exposed in the same radius 
suffered fatal injury. This report also states that oysters growing natural- 
ly probably are less damaged than those which are held in wire bags during 
the experiments. All charges in this work were suspended between the surface 
and the bottom. Most of this information is again summed up in a report of a 
1947 conference on the effects of explosives on marine life (Naval Ordnance 
Laboratory Memorandum 9424), but no new information is added. Subsequent 
papers on the effects of explosions make no reference to their effects on oys- 
ters or other shellfish. Much work has been done in California in the last 
several years, but unfortunately no oysters or other shellfish have been used 
in any of the experiments which are reported. 


Procedure 


It was decided to plan two separate experiments and to vary the handling 
and holding of the experimental animals slightly. The oysters in the first 
experiment were placed in trays and then placed in racks which kept them 
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slightly above the bottom. In the second experiment the oysters were placed 
on trays and the trays placed directly on the bottom. In choosing the loca- 
tions for the two series of explosions, four main considerations were taken 
into account. These were (a) to stay away from commercial oyster operations 
as far as possible; (b) to stay in water which does not have a salinity of 
less than five parts per thousand; (c) to stay out of waters which are norm- 
ally inhabited by conchs (Thais sp.); and (d) to select areas where the bot- 
tom was not too soft to support oysters. After consulting salinity and temp- 
erature records and considering the general conditions of the bottom and pro- 
tection from heavy wave action, two areas were selected. These were in Bay 
Batiste and Bay de Chene, two areas which were about ten miles apart. After 
the areas were selected three lines of chemical investigation were initiated. 
Samples of bottom mud were collected before any charges were fired, then col- 
lected again after the shots, and again at regular intervals after the charge 
was fired. These samples were analyzed to determine the amount of hydrocar- 
bon present in the mud normally, and to detect any changes which may have oc- 
curred due to the effect of the explosion. Also samples of the ebullient 
gases from the explosions were collected at regular intervals after the char- 
ges were fired, and these were analyzed to detect any noxious gases which 
might pollute the water. Water samples were taken before and immediately 
after the explosions and analyzed for pH, salinity, oxygen and hydrogen sul- 
phide. Samples were also taken and checked for these same factors at regular 
intervals after the shots were fired to determine any changes which might ~~ 
have occurred due to the experiment. This procedure was followed in both of 
the experiments. 


After the areas for the experiments were selected the patterns for the 
shot points were laid out and the positions for the experimental animals were 
determined. ‘The shot points formed a diamond with the points 1000 feet apart 
and one shot point in the middle. This distance simulated the worst opera-— 
ting conditions possible under the law as when two lines of seismographic ex- 
plosions cross at right angles. These distances were surveyed so as to be 
accurate and the locations for the experimental animals were carefully meas- 
ured from the center shot point. The oysters were placed at <0 feet, 60 feet, 
130 feet and 250 feet from the point of explosions and in a staggered line so 
that each group would receive the full force of the shot. The distances were 
selected after studying published reports of the distances at which damage 
was done to oysters. The law of Louisiana states the minimum distance from 
a shot point to a natural oyster reef shall be 250 feet. In each experimental 
area, at a distance of 40 feet from the shot point, an area 18 x 18 was marked 
off and 10 bushels of rough-culled oysters were planted on the bottom. This 
was also done at the control stations which were located 750 feet from the 
nearest shot point. At these control stations oysters were also put in trays, 
which were placed on a rack in Experiment 1 and placed on the bottom in Exper- 
iment 2. At two other locations control facilities were established: one in 
a low salinity area, namely Bay Chene Fleur, and one in a high salinity area 
in the lower part of Barataria Bay at a location kmown as Station 51. The 
purpose of these will be explained later. 
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Two explosive charges were used in each shot hole, one of 50 pounds and 
one of 20 pounds of Nitramon, and these were exploded at a depth of 50 feet 
and 30 feet respectively. These charges were selected because 50 pounds is 
the maximum charge allowed in inland Louisiana waters and 20 pounds is a typ- 
ical operating charge. The depths at which they were exploded were those set 
by law in that state, and standard operating procedure was followed. The 
foregoing procedure simulates the worst operating conditions for the survival 
of oysters in the vicinity. 


Two weeks before the shots were made in the first experiment, trays of 
culled healthy oysters were placed on the racks erected in the experimental 
area. These oysters had already been under observation for several weeks to 
be sure that no mortality would ensue from handling. At the same time control 
trays were placed on the racks at the two control stations. These trays were 
in place several weeks before the explosions so that they would be acclimated 
to local conditions before they were exposed to the experimental conditions. 
All trays were covered on the inside with ¢ inch ratwire to protect the oys- 
ters from being damaged in handling and also to prevent the depredations by 
conchs and large crabs which can cause considerable damage to unprotected 
oysters. Hach tray contained 175 oysters and the day before the explosions 
all the trays were examined, and dead ones were removed, and the trays were 
replaced in position. The same procedure was followed in both experiments. 


Plans had been made to have pictures taken of all phases of the work and 
the oysters on the bottom were to have been photographed with an underwater 
camera to detect any sinking into the bottom due to the explosions. However, 
this last was not done due to breakdown of the camera at the last minute. 


The first series of explosions was made at Bay de Chene on August 23, 
1949 and the second series was made on August 31, 1949 at Bay Batiste. In 
each experiment the explosions were set off at intervals of approximately <5 
minutes. The general procedure.was to drill the hole from the drilling 
barge, using the procedure already described and then move the barge to the 
next location. Then the barge carrying the shooting equipment and the ex- 
plosive would move in and load the first charge into the pipe and fire it, 
then as quickly as was safe load the second charge in the pipe and fire that. 
The two pieces of equipment would then move around to the other four shot 
holes and fire the charges at those holes in the same manner. Then the 
drilling barge would go back to the shot points and pull up the top piece of 
pipe or more sections where practical. This last was done so that no pipe 
would be left protruding above the bottom to menace boats or to damage fish= 
erman's nets. This sequence is normal operating procedure for seismographic 
crews in the area. Biologists went to the shot point as soon as the shot 
was made and examined the water for the presence of dead or stunned animals 
around the pipe. All trays of oysters were examined as soon as the shots 
were made for the detection of gaping oysters. 


As soon as possible after the day of the explosions in each experiment, 
five trays of oysters were taken from each control area and placed one at 
each measured distance from the shot. At the same time one tray was taken 
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from each position in the experimental area and taken to the control areas. 
The first part of this was to check any mortality caused by the handling 
prior to the explosions and by chemicals released in the water by the explo- 
sion. The second part of this was to determine if the explosions harmed the 
oysters; that is, these oysters were removed from the experimental area and 
kept at a location which was not exposed to the experimental conditions; and 
mortality was subsequently checked at regular intervals. Some oysters were 
left in the regular positions at the time of the explosions and subsequently 
checked at regular intervals to note the longtime effect of any products which 
may have been released by the shots. All trays were checked at regular inter- 
vals for a period of eight months after the explosions (or until as happened 
in some cases they were removed by persons unknown). The oysters placed on 
the bottom in the area were also checked for possible sinking into the bottom 
due to effects of the explosions. Uther trays of oysters from the original 
source were kept in tne two control areas for the duration of the work and 
checked for mortality at regular intervals. 


Results of #xperiments 


The two experiments will be considered separately as @ slightly different 
technique was used in exposing the oysters to the explosions. The work in Bay 
de Chene will be referred to as Hxperiment 1 and the Bay Batiste work will be 
called Hxperiment 2. In ixperiment 1 the animals were put in trays and placed 
on racks above the bottom, and in Experiment 2 the animals were placed in trays 
directly on the bottom. 


In Experiment 1 no dead or g&@ping oysters were found when examined immed- 
iately after the explosions. Observations were made on these, to count and re- 
move dead oysters, at approximately two week intervals forfour months at which 
time most of the oysters were stolen from the racks. However, it is thought 
that the four months during wnich they were checked would have shown up any 
mortality due to the effect of the explosions. It was planned to keep them 
under observation for at least eight months, and the trays which were held at 
Bay Chene Fleur and Station 51 were observed for 73 months. From Table 1 it 
will be seen that the percent survival after four months of those oysters ex- 
posed 20 feet from the shot was 85.7%; those exposed 60 feet from the shot, 
86.75 those exposed 130 feet from the shot, 85.3%; and those exposed 250 
feet from the shot, 84.4%; while the controls showed a survival of 76.0%. It 
can also be seen that those animals which were exposed to the explosions and 
then moved to the control areas showed no correlation in their survival rate 
and their distance from the shots. Also, it may be seen from Table 1 that 
those animals which were moved from the control areas into the experimental 
area showed no correlation between their percent survival and their position 
in reference to the shot point. 


The only correlation found between the chemical and hydrographic data 
and the mortality data is tnat concerning salinity and temperature. It was 
found that the period of high mortality and the period of high salinity and 
temperature coincided, and the period of low mortality was the same as the 
period of low salinity and temperature. It will be seen from Table 1 also 
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that there is a great difference between the survival of the animals which 
were at the low salinity control area at Bay Chene Fleur and those at the 

high salinity control area at Station 51. the average percent survival of 
those oysters at Station 51 was 52.8% and the average percent survival of the 
controls at Chene Fleur was 78.6%. From Table 1 it will also be noticed that 
those animals which were exposed to the explosions and then moved to the low 
salinity control area had an average survival rate of 86-90% and those which 
were moved to high salinity area had an average survival rate of 78-85%. This 
is not a great numerical difference, but it follows the general trend of the 
percent survival falling as the animals are exposed to waters of higher salin- 
ity. To sum up the data from Experiment 1, we could find no correlation be- 
tween the distance of the oysters from the explosions and the survival rate, 
and the control rack showed the lowest survival. Neither could there be 

found any significant correlation between those oysters left in the experi- 
mental area and those animals moved into a control area away from any possible 
effect of any gases arising from the shot holes. ‘he only correlation was be- 
tween mortality on one hand and salinity and temperature on the other. 


The experimental animals in the second experiment remained in place for 
the total time planned; however the data are treated the same as in HExperi- 
ment 1, that is, a cutoff is made after four months so that the data will be 
comparable. However, the observations were continued for the full 73 months 
as originally planned for both experiments. It will be seen from Table 2 that 
the percent survival of the oysters at 20 feet from the shot point was 82.3% 
at four months, and it was 75.7% at 73 months. Those animals which were ex- 
posed to the shots at 60 feet had a percent survival at the end of four 
months of 82.4% and at 74 months it was 78.5%. At 130 feet from the shot 
point the percent survival at four months was 86.8% and at 7% months it was 
78.7%. The percent survival of those exposed at 250 feet was 85.1% at the end 
of four months, and at the end of 7 months it was 73.5%. The percent surviv—- 
al of the controls was 86.2% at four months, and at 74 months it was 77 Abe 
Table 2 also shows that there was no correlation between the distance at which 
tHe animals|were exposed to the explosions and the survival rate shown by the 
oysters when moved to the control areas at Station 51 and at Bay Chene Fleur. 


As in xperiment 1, the mortality data show no correlation with the chem- 
ical and physical data except that when the salinity and temperature were high 
the mortality was high and when the temperature and salinity dropped the per- 
cent of mortality also dropped. From both Table 1 and Table 2 it will be seen 
that animals which were exposed at any time to waters of higher salinity suf- 
fered a higher mortality rate than those which were never exposed to high 
salinity water. Oysters which were in the experimental area during the ex- 
plosions and were then moved to the low salinity area after the shots showed 
a survival percentage of 87.7% after four months, and those which were moved 
to a high salinity control area after the shots showed a survival of 76.0% 
after four months. After 73 months this percent survival was 84.1% and 67.9% 
respectively for the two areas. It will be noted that those animals which 
were moved from the control areas to the experimental area after the explo-= 
sions showed the same trend but it was not as pronounced, as the oysters 
from the low salinity area showed a survival after four months of 88.7% and 
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after 75 months of 78.6% while those from the high salinity control area 
showed a survival after four months of 85.4% and a percentage of 76.9% aft- 
er 73 months. It is interesting to note here that those oysters which were 
exposed to the explosions and which stayed in the experimental area showed 

a rate of survival of 84.5% after four months and a rate of 76.6% after 74 
months, thus showing that there was no significant difference between 

those which were exposed to the explosions and those which were not exposed. 
These data in Table 2 also show that there was no effect on the oysters from 
the ebullient gases from the shot hole as there was no significant difference 
in the survival rates of those left there and those oysters carried to the 
control areas. 


In Experiment 1 the oysters which were placed directly on the bottom as 
a simulation of a commercial planting were stolen, so that no results were 
obtained from that experiment. However, the ones which were treated in a 
like manner in the second experiment remained in place and were subsequently 
taken up and examined for evidence of their sinking into the bottom. It was 
found, however, that there was no evidence of their sinking as would be indi- 
cated by the presence of blackened shells, dead oysters, or boxes. 


A chemical analysis of the bottom mud run both before and after the shots 
showed no significant change nor did the chemical nature of the water show any 
change during the period of the shots. Sampling was continued for several 
months after the explosions and any change due to the bubbling of gases from 
the shot. hole would have been detected. Oysters exposed very close to the 
gases for seven 4nd @ half months after the shots showed no noticeable effects. 


Immediately after the explosions the area around each shot point was care- 
fully observed to see if any evidence of dead or stunned animals such as fish, 
shrimp or crabs could be seen. However, none were to be seen at any time dur- 
ing the period the explosions took place, except those which were behaving in 
a@ normal manner. 


Discussion of Results 


These two experiments produced data which when used in connection with 
the chemical and physical observations made, and the personal observations of 
the author, make several conclusions obvious as to the effect of seismic ex-=- 
ploration on oysters when carried out under the existing regulations of the 
State of Louisiana. In these experiments several possible effects of the ex- 
plosions have been studied and the results of this study fall into three gen- 
eral categories. 


The first of these is the effect of the explosions on the bottom. It 
can be said without any reservation that the oysters which were on the bottom 
near the shots showed no evidence of sinking which was different from that of 
oysters on the bottom in the control area. No silting of the bottom due to 
the shots was observed except for a distance on the average of about three 
feet from the shot hole. As the regulations do not permit seismic explora- 
tion on an oyster bed this would not damage oysters. The report of turbidity 
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measurements showed that less turbidity was caused by the explosions than by 
commonly encountered factors, such as wind. 


The second effect to be studied was the presence of the ebullient gases 
which come from the shot hole after the explosion. The data obtained and 
shown in Table 1 show that the oysters which stayed in the vicinity of the 
bubbling gases during the course of Experiment 1 suffered no more mortality 
than those which were not near the source of the gases. The percent survival 
of those which were not exposed to the gases, in some instances, was less 
than that of those which were exposed. Animals which were exposed to the 
gases for from four to seven and a half months showed as high percent survival 
ag those which were used as controls. ‘There is no evidence that the gases 
caused by explosions are harmful to oysters which are in the area and which 
may stay in the area for some length of time. 


The glycogen content of the experimental animals did not differ signifi- 
cantly from that of the control animals. In bxperiment 1 the glycogen content 
of the experimental animals was slightly higher than that of the controls and 
in Experiment 2 the glycogen content of the control animals was slightly high- 
er than that of the experimental animals. In neither case was the difference 
enough to be considered significant. 


However, the primary purpose of both the experiments was to determine the 
effect of the shock wave from the explosions on the oysters. It will be re- 
called that the position of the oysters relative to the shot point was varied 
in several ways and that in the first experiment the oysters were on racks and 
in the second experiment the oysters were on the bottom. Table 1 gave a sun- 
mary of the results of the first experiment and it was seen that there was no 
Significant difference between the experimental animals and the controls as to 
the percent survival. In the second experiment the controls actually showed a 
lower percent survival than the experimental animals. Again, as was previous— 
ly stated, those oysters which stayed for any length of time in water of high 
salinity showed a higher percent mortality than those oysters woich were never 
in.tne high salinity water. It will be noticed that those trays of oysters 
which had as their origin Station 51 showed a higher percent mortality than 
those which were exposed to the explosions or which came from Bay Vhene Fleur, 
and Station 51 has a high salinity at nearly all times of the year. 


In Experiment 2 it was seen that the same general trend was followed as 
was followed in the first experiment, that is that there was no significant 
difference between those exposed to the explosions and those not exposed, and 
that the only difference was between those which had been in high salinity 
water and those which had not been in high salinity areas. Thus, no apparent 
effects were noted on the oysters due to the explosions. 


Conclusions 
The conclusions reached in connection with our original three questions 
concerning the effect of explosions on the bottom, the effect of gases from 


the shot holes of the oysters, and the direct effect of the shock wave on the 
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animals are fairly clear cut when operating procedure as outlined by law in 
Louisiana is followed. As to the first of these questions it can be said 
that the oysters did not sink into the bottom when explosions were detonated 
40 feet from them, nor were they covered with silt or affected with turbidi- 
ty caused by drilling, shooting, or pulling up of the pipes. Nor did oys- 
ters suffer any mortality due to gases from the shot hole during a@ period of 
eight months after the experiment (four months in the first experiment as the 
oysters were stolen at that time). The second of the questions can be an- 
swered by saying that the oysters which were exposed to the gases for as long 
as eight months showed no significant difference in the percent mortality 
from those which were used as controls and which were not exposed to the ef- 
fect ofthe gases. Again the only difference was between those which were ex- 
posed to high salinity water and those which were not exposed to it at all. 


As to the last and most important question, whether the shock wave of the 
explosions killed oysters, it can be said that those animals which were ex- 
posed at 20, 60, 130, and 250 feet from the shots and were kept for eight 
months in the control area did not differ significantly from each other in 
mortality, and did not show any higher mortality than those oysters which were 
in the control area all the time. Also, those oysters which were exposed to 
the explosion and left in the experimental area for eight months afterwards 
showed no significant difference among themselves, and did not show any higher 
mortality than those which were in a control area during the whole course of 
the experiment. Oysters which were brought into the experimental area after 
the explosions did not show any significant difference from those which were 
exposed to the shots and stayed in the area. The only oysters which showed 
any significant differences in mortality were those which were brought from 
Station 51 to the experimental area and they showed a higher percent mortality. 
So it can be said that the shock wave of the seismic work as carried out under 
operating procedure prescribed by law will not kill oysters even at a distance 
of 20 feet. 


Glycogen analysis showed no consistent trend which would indicate that 
nutrition or storage of reserve food in the tissue of oysters was disturbed by 
the explosions or by the after-effects of the seismic work. There was greater 
difference in the glycogen content between trays which were in the control 
area all the time than there was between trays of oysters which were exposed 
to the shots and those which were not exposed to the explosions. 


All tests which were conducted with regard to the possible adverse con- 
ditions arising from seismographic work gave negative results. Therefore, 
the only logical conclusion that can be drawn is that seismographic shooting 
as done according to Louisiana law has no adverse effects on oysters as 
close as 20 feet from the shot either immediately or over a period of eight 
months. 
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TABLE 1 BAY DE CHENE - EXPERIMENT 1 


No. Oys- No. Oys- 

No. Oys- ters Sur- % Survi- ters Sur- % Sur- 
Distance Tray ters viving 4 val 4 viving 8 vival 
from Shot Numbers Started* Months** Months Months*** 8 Mos. 
Rack #1 20 feet 
Permanent Trays 503,504 345 289 83.7 
From Chene Fleur 95 172 157 91.2 
From Station 51 350 155 92 59.3 
Rack #2 60 feet 
Permanent Trays 507,508 348 302 86.7 
From Chene Fleur 93 172 152 88.3 
From Station 51 342 166 100 60.2 
Rack #3 130 feet 
Permanent Trays fealabatenlys 536 287 85.3 
From Chene Fleur 98 170 147 86.5 
From Station 51 341 156 75 46.8 
Rack #4 250 feet 
Permanent Trays 515, 516 333 231 84.4 
From Chene Fleur 99 170 156 iene, 
From Station 51 343 162 96 59.2 
Controls in Bay de Chene 
Permanent Trays 519,520 338 257 76.0 
From Chene Fleur 94 169 133 78.6 
From Station 51 544 163 86 52.8 
Controls at Chene Fleur 
Permanent Trays 90,91,92, 864 789 oS 761 88.1 

96,97 
From Rack 1 501 172 150 87.2 -136 {ai 
From Rack 2 506 ipa 148 86.8 141 82.5 
From Rack 3 509 168 152 90.4 144 85.7 
From Rack 4 514 173 TSI: 87.3 143 82.6 
From Control Rack 518 ual 146 85.4 140 81.9 
Controls at Station 51 
Permanent Trays 345, 346, 825 625 75.8 567 68.7 
547,348, 
349 

From Rack 1 502 164 139 84.7 123 (Be 
From Rack 2 505 169 143 84.6 132 78.1 
From Rack 3 510 169 137 81.0 ilpatit 71.6 
From Rack 4 513 169 132 Woe 116 68.7 
From Control Rack 340 166 142 Sieyit5) 126 (AONE) 


* Permanent trays at Station 51 started 8-20-49, trays at Chene Fleur started 
8-19-49, all other trays started 8-23-49. 
** Dates taken as end of 4 months period were 1-5-50 for controls at Station 
51 and 1-9-50 for all other trays. 
*** Dates for end of 8 months period were 4-22-50 for Station 51 and 4-23-50 
for Chene Fleur. 
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TABLE 2 BAY BATISTH - EXPERIMENT 2 


No. Oys- No. Oys- 
No. Oys- ters Sur- % Survi- ters Sur- % Sur- 
Distance Tray ters viving 4 val 4 viving 73 vival 
from Shot Numbers  Started* Months** Months Months*** 74 Mos. 
Rack #1 20 feet 
Permanent Trays 593, 597 554 275 82.3 253 oot 
From Chene Fleur 588 168 149 88.6 134 79.8 
From Station 51 599 143 123 86.0 105 73.4 
Rack #2 60 feet 
Permanent Trays 591,594 326 269 82.4 256 (45/5 
From Chene Fleur 584 164 152 erent 131 79.9 
From Station 51 560 127 118 92.9 ial 87.4 
Rack #3 130 feet 
Permanent Trays 572,598 324 281 86.8 255 olen 
From Chene Fleur 585 166 142 85.5 127 76.5 
From Station 51 600 PH 119 78.8 108 Tens 
Rack #4 250 feet 
Permanent Trays 575,578 329 280 85.1 242 73.5 
From Chene Fleur 586 164 148 90.2 129 78.6 
From Station 51 565 148 126 85.1 noel! (208) 
Control Bay Batiste 
Permanent Trays 574,590 541 294 86.2 264 774 
From Chene Fleur 582 170 147 86.5 133 78.2 
From Station 51 571 150 128 85.3 118 78.6 
Controls at Chene Fleur 
Permanent Trays 579,580, 834 766 91.8 736 88.2 
581,583, 

587 
From Rack 1 592 59 146 91.8 139 87.4 
From Rack 2 595 166 148 89.1 138 83.1 
From Rack 3 596 128 104 81.2 97 (Ite 
From Rack 4 573 165 151 91.5 143 86.7 
From Control Rack 576 ilyaal 143 83.6 139 81.3 
Controls at Station 51 
Permanent Trays 561,562 820 653 79.6 596 "owt 

563, 564, 

Bpo 
From Rack 1 569 164 131 80.0 121 73.7 
From Rack 2 567 167 122 73.0 112 67.0 
From Rack 3 570 167 120 71.8 104 62.2 
From Rack 4 568 166 134 80.7 120 72.2 
From Control Rack 566 170 7, 74.7 109 64.1 


* Permanent trays at Chene Fleur started 8-30-49, all other trays 8-31-49. 

** 4 months ended 1-5-50 for controls at Station 51, 1-9-50 for controls at 
Chene Fleur, and 1-6-50 for trays at Bay Batiste. 

=m 7s months ended 4-22-50 for Station 51, 4-23-50 for Chene Fleur, and 
4-21-50 for Bay Batiste. 
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THR PRODISSOCONCHS AND THE SHTTING BEHAVIOR OF THRHE SPECIES OF OYSTERS 
R. Winston Menzel 


Departments of Biology and Wildlife Management, Agricultural and Mechanical 
College of Texas 


Introduction 


The obtaining of "strike" is one of the more important aspects of the 
oyster industry. This is true for all of the important species grown in the 
United States. The private planter and the oysterman who harvest oysters 
from state owned reefs both depend on an adequate spat-fall. On the Atlantic 
and Gulf Coasts, where Crassostrea virginica is the only commercial species, 
from North Carolina southward and even in parts of Virginia, oyster set is 
usually abundant and often the problem is one of getting too much. In some 
places the young spat attach so thickly that the seed must be broken apart or 
else many of the small oysters must die if the remainder are to reach market 
size. On one occasion in Terrebonne Parish, Louisiana, over two thousand 
newly attached spat were counted on the inside surface of an oyster shell 
that had been in the water for only one week. 


In the saline waters along the Gulf Coast, one problem is to find the 
level where the commercial oyster attaches most readily. On the edge of the 
Gulf where the salinity approaches that of seawater, the species occurs nat- 
urally in reefs, and on pilings, jetties, and other structures, mainly in the 
intertidal zone. The limitation of this species to the intertidal zone is 
due partly to the destructive action of the oyster conch (Thais floridana), 
the stone crab (Menippe mercenaria) and other enemies below this zone. That 
it is also due in part to the setting behavior of the larvae is suggested by 
the following evidence. In certain parts of the northern Gulf two species 
of Ostrea (OQ. equestris and Q. frons) occur together with Crassostrea virgin- 
ica. These are found attached to surfaces at or near the bottom. On tem- 
plates of an oil well platform off the Louisiana Coast, Gunter (1951) found 
that the zone of occurrence of two species of Ostrea was lower than but over= 
lapping that of C. virginica. 


In an effort to clarify the setting behavior of the different species, 
stratified culch experiments were conducted continuously at the Institute of 
Marine Science, University of Texas, at Port Aransas, Texas, from June 6, 
1951 to November 8, 1952. Two species of oyster, C. virginica and 0. eques- 
tris, Occur in this area, where the salinity is about 30 o/oo. In addition, 
Dr. Philip Butler, Director of the Pensacola Laboratory of the Fish and 
Wildlife Service, kindly furnished two series of culch material from a some- 
what similar experiment in Florida. In the latter material, a third spe- 
cies, QO. frons, was also present. 


Prodissoconch Shell 


The majority of the spat that attached to the culch were less than 5 mn. 
in shell length and the characters of the adult shell that distinguish the 
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species had not developed. Ranson (1948) has separated the living oysters 
into two genera partly on the basis of the prodissoconch shell?. He found 
that oysters belonging to the genus Crassostrea have a slight hook or beak 
at what would be the umbo of the larval shell, whereas the prodissoconch 
shell of the genus Ostrea has a more rounded shell. 


Mounted slides of the prodissoconch shell of the three species were made, 
The prodissoconch shells were obtained from large oysters in which there was 
no difficulty in identification. These slides were compared, camera lucida 
drawings made, and sizes determined. From this comparison, it was then pos- 
sible to identify the spat even though they had just recently attached. 


Figure 1 shows camera lucida drawings of the right and left valves of 
the prodissoconch larvae of the three species C. virginica, 0. equestris and 
Q. frons. All three species have a shell under 500 micra and hence magnifi- 
cation must be used to diStinguish the species. OC. virginica and 0. eques- 
tris prodissoconchs are approximately the same size, averaging a little over 
350 micra; however, C. virginica can be distinguished by the characteristic- 
ally beaked shell, and O. frons is readily distinguished by the: fact that 
its shell is about 50 to 60 micra longer, measuring about 410 to 425 micra, 
and contains brown pigment. 


Culch Experiments at Port Aransas, Texas 


The experiments at Port Aransas, Texas, involved two series of observa- 
tions. Clean weather-bleached shells of C. virginica were used as culch ma- 
terial and 3 mm. holes were bored in these shells. Two shells were wired at 
0.5 meter intervals, starting at the bottom, to a chain that was suspended in 
water of three and a half meter depth. A weight was placed at the bottom so 
that the chain would remain taut and the shells retain their proper level. 


The culch chain was examined at approximately monthly intervals during 
the summer, and three times (October 21, 1951, December 30, 1951 and March 22, 
1952) during the period from October of 1951 to May, 1952. At each examina- 
tion one of the two shells at each level was removed and two additional shells 
were attached. Also at each examination (after the first) the remaining shell 
at each level (which had been down for two intervals) was examined. There- 
fore Series A was a series of examinations of culch that had been in the water 
one month (longer during the winter months) and Series B of culch that had 
been in the water for two months or longer. At first duplicate shells were 
put down in Series A and there were a total of fourteen examinations in this 
series and eleven for Series B. 


: Ranson advocated calling the genus to which our common commercial east 
coast oyster belongs Gryphaea. Gunter (1950) called this genus Crassostrea 
and his nomenclature is followed here. 
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All shells were examined under magnification of from 10 to 50 diameters, 
and the numbers of spat of each species were determined for each level. On 
several occasions certain of the shells were lost, especially in Series B. 
Table I shows the average number of individuals per shell of each species 
for each level for the duration of the experiment. There was an average of 
from 25 to over 50 spat per shell. On some individual shells the spat nun- 
bered several hundred. It is noted from the table that 0. equestris was more 
abundant than ©. virginica. Even though the total number of Q. equestris was 
greater, C. virginica was more abundant at the higher levels. 


Table II shows the percentage of the total number of individuals of each 
species which occurred at given levels. Series A has been plotted on a graph 
and is shown in Figure 2. It is seen that 0. equestris became progressively 
scarcer near the surface, whereas the reverse was true of C. virginica. The 
percentage of 0. equestris that attached at the surface, 3.5 meters from the 
bottom, was only one tenth of one percent of the total number of spat of this 
species in Series A, and none was found at the surface in Series B. In Ser- 
ies A, four tenths of one percent of the total number of ©. virginica attached 
at the bottom level and there was none that survived at this level in Series 
B. cC. virginica showed a marked decrease in numbers below one meter from the 
surface (2.5 meters from the bottom) in Series A and an even more striking de 
crease below 1.5 meters below the surface in Series B. 


All the data gathered are really survival figures for the period the 
culch was in the water. Since all culch had been in the water at least one 
month when examined, many spat succumbed through competition among themselves 
and with other epizooites. The actual number of larvae which attached at the 
various levels would be difficult to determine because of the labor involved 
in very frequent observations. Shells examined at such long intervals do not 
reflect the maximum possible strike, since the shells soon become less suit- 
able for spat-fall because of fouling. 


Random plankton samples during the summer of 1951 revealed no "eyed" lar- 
vae of O.equestris at or near the surface, and none of C. virginica at or 
near the bottom. These observations agree with the stratification of the 
strike. 


Culch Data from Pensacola, Florida 


At Pensacola, the salinity range was from 19.5 to 26.0 o/oo during the 
period that the culch material was in the water. There were two series, the 
first from May 27, 1952 to June 6, 1952, and the second from June 6, 1952 to 
June 16, 1952. The culch consisted of asbestos plates, twelve inches long by 
four inches wide, placed in a ladder-like arrangement at one foot intervals. 
The bottom plate was one foot above the bottom and the surface plate nine feet 
above. However, the surface plate received no spat-fall and was not examined. 
The plate six feet above the bottom in the second series was lost. 


For examination, the plates were marked off in ten blocks 5 cm. square, 
and two of these blocks on each surface were selected at random and examined. 
The oysters on the top surface of the plates of the first series were so 
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crushed that it was not possible to distinguish the species from the larval 
shell. Therefore the area examined was 150 square centimeters for each level 
(except for the level six feet above, where only 50 square cm. were examined, 
because this plate was lost in the second series.) 


The percentage of individuals of 0. equestris, 0. frons and C. virginica 
attached at each level is shown in Table III. These are averages for the two 
series. These percentages have been plotted on the metric scale for depth in 
Figure 2. Both species of Ostrea attached more abundantly near the botton. 
There was no culch on the bottom but from the information obtained at Port 
Aransas, it would be expected that had there been, this level would have re- 
ceived the majority of the Ostrea spat. At Pensacola, with salinity range of 
19.5 to 26.0 o/oo, spat of C. virginica occurred most abundantly at about mid- 
depth. Dr. Butler tells me that in 1951, when no attempt was made to dis- 
tinguish species, the heaviest set was at_mid-depth. Adult Ostrea were vir- 
tually absent from the area at that time. 


The patterns of stratification for the two species of Ostrea are very 
similar, in these limited samples. At Pensacola as at Port Aransas, 0. eques- 
tris was much more numerous than C. virginica. Spat of C. virginica made up 
only 20% of the total number of spat examined at Pensacola, and only 30% of 
the total number examined at Port Aransas. 


Discussion and Conclusions 


Some of the data from the published literature bear upon the stratifica- 
tion of spat in waters of high salinity. (No attempt has been made to in- 
clude all the references, and no references to setting of the genus Ostrea 
are given.) 


Chapman and Esveldt (1942) found that the Pacific oyster, C. gigas, 
showed no stratification of set in Southern Willapa Bay (State of Washington), 
where the salinity range was from 15 to 26 0/00. In Puget Sound, where it is 
expected that the salinity would be higher, this species has a narrow zone of 
setting from one to three feet deep and "almost always well above the mean 
low tide’. Ranson (1943) states that C. angulata, the Portuguese oyster, 
forms reefs on the bottom in the less saline areas and intertidal reefs in 
more saline waters nearer the coast. In these respects its behavior is simi- 
lar to that of C. virginica. 


Thus stratification of set in the waters of higher salinity is reported 
for other species.in the genus Crassostrea as well as for C. virginica. 


According to Nelson (1938), the genus Ostrea occurs in the less turbid, 
more saline areas, whereas Crassostrea has been able to adapt itself to the 
more turbid, less saline areas such as river mouths and bays. He says that 


z Letter from Dr. Philip Butler, Chief, Gulf Oyster Investigations. 
30 January 1953. 
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this is because Crassostrea has a promyal chamber and a more efficient fil- 
tering system to handle the more turbid waters and still obtain abundant 
food. Other work, including unpublished data of the author, support the idea 
that Crassostrea has evolved a more selective feeding mechanism than has Os-= 
trea, which would make it better adapted to turbid waters. No natural reefs 
of C. virginica are known to the writer in deep water of near ocean salinity; 
in such waters, the reefs are all intertidal. 


However, if other factors, especially predators, are controlled, CG. vir- 
ginica, if transplanted, can be grown successfully in deep water of high sa- 
linity. It seems likely that factors other than feeding efficiency and pred- 
ation affect the different zonations of Crassostrea and Ostrea. The present 
data suggest that Crassostrea is actually unable to strike effectively in 
deep water of high salinity. 


In conclusion, it may be said that the commercial oyster, C. virginica 
sets abundantly in waters of high salinity, but in such waters the spat are 
abundant only in the intertidal zone. In highly saline waters of the North- 
ern Gulf region, the oysterman and oyster biologist will see spat on culch 
planted on the bottom below low tide level, but most of these will be of the 
genus Ostrea, which is difficult to distinguish from Crassostrea except by 
the prodissoconch shell. 
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TABLE I 


AVERAGE NUMBER OF EACH SPECIES AT EACH LEVHL AT PORT ARANSAS, TEXAS 


Level From Series A Series B 
Bottom Q. equestris C0. virginica QO. equestris  C. virginica 
Bottom 61.1 0.3 86.0 0.0 
0.5 M. 46.1 2.4 84.1 3.0 
1.0 M. 34.1 4.7 56.7 4.4 
1.5 M. 30.4 7.7 3267 8.3 
2.0 M. 10.5 12.8 13.3 18.9 
2.5 M. 4.1 20.9 4.8 16.4 
3.0 M. 1.6 15.0 as) 18.9 
3.5 M. 0.3 20.8 0.0 23.6 

TABLE II 


PERCENTAGE OF EACH SPECIES AT EACH LEVEL AT PORT ARANSAS, TEXAS 


Level From Series A Series B 
Bottom Q. equestris CC. virginica Q. equestris C. virginica 
Bottom 32.6 0.4 30.9 0.0 
0.5 M. 24.6 3.1 30.2 3.3 
1.0 M. 18.2 5.9 20.4 4.9 
1.9 M. 16.2 9.8 ee 9.2 
2.0 M. 5.2 15.2 3.8 16.1 
2.5 M. 2.28 26.5 2.1 22.0 
3.0 M. 0.7 16.3 0.8 18.5 
3.0 M. ()sal 22.7 0.0 25.9 
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TABLE IIT 


PERCENTAGE OF EACH SPECIES AT EACH LEVEL AT PENSACOLA, FLORIDA 


Level From Bottom 


il 
2 
3 
4 
5 


6 


* Only 


foot 


feet 


feet 


feet 


feet 


feet*® 


feet 


feet 


50 square centimeters examined. 


Q. equestris 


51.7 
18.6 
19.5 
7.2 
2.5 
0.7 
0.0 


0.0 


ll2 


QO. frons 


C. virginica 
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CHANGES IN THE PHYSIOGRAPHY OF OYSTER BARS IN THE JAMES RIVER, VIRGINIA 


by NELSON MARSHALL 
Oceanographic Institute 
Florida State University, Tallahassee 


INTRODUCTION 


The intent of the Baylor Survey of 1892 was to define the naturally-pro- 
ducing oyster grounds in Virginia waters and to set them aside for public use. 
Actually, some natural ground was omitted and much barren ground was included 
within the bounds of the Survey; however, it stands as @ definition of public 
grounds from which any citizen of the state may, for a small fee, obtain a 
license to take oysters. Only hand tongs are permitted in this public fishery. 


These oyster bars within the Baylor Survey are about twice as extensive 
as the ground outside leased to private planters but they yield only about 
one-third as many oysters of market size (Marshall, 1951). On the other 
hand, certain of these public grounds provide the seed or small oysters that 
are transplanted to private grounds and are essential to the success of leased 
bottoms which are seldom self-sustaining. Based on this relationship an ex- 
tensive area in the lower James River (above the boundary shown in Figure I), 
noted for its capacity to produce great numbers of small oysters, has been 
established by law as a seed area. This area is not subject to the usual reg 
ulation that oysters must remain on public grounds till they grow to market- 
able size. Tongers hervest and sell to private planters from one to two mil- 
lion bushels of seed oysters from this James River area annually. As a con- 
servative estimate, each bushel contains 1500 small oysters, making a total 
approaching three billion oysters harvested annually as seed. Also removed 
from these grounds is a considerable amount of the shell to which the seed 
oysters are attached and an additional quantity of more mature oysters. 


The removal of this mixture of live oysters and shell might reduce crit- 
ically the amount of cultch available for the setting of larvae. This might 
also cause decline and other changes in the surface of the bars, modifying 
the hydrodynamics of the region and otherwise disturbing ecological condi- 
tions. The widely varied speculations concerning such effects make it espec- 
ially imperative to search for data on this subject. A step that can be tak- 
en toward this end is to compare soundings on early hydrographic surveys with 
those taken more recently and thus to observe somesof the physiographic chang- 
es that have actually occurred. ‘The first complete depth surveys of the por- 
tion of the lower James River in question are those made by the U. S. Coast 
and Geodetic Survey in 1854-55. Additional comprehensive surveys, also by 
the U.S.C.G.S., were conducted in 1871-73 and 1944-48. All such soundings 
are plotted on what are known as hydrographic surveys which, of course, pro- 
vide the primary reference data for drafting navigation charts, etc. 


METHODS 


From Moore's (1910) maps of the oyster grounds in the area, as his party 
observed them shortly before his publication, traverses were selected across 
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representative bars. Hach such traverse (Figure I and Table I/1) is a 
straight line, crossing, for at least 75% of its length, grounds which Moore 
designated as supporting a dense growth of oysters. An exception is the 
straight line across Brown Shoal which, though not covering such a high per- 
centage of dense growth, was studied to represent bars that were formerly 
exposed at low water. 


These traverses were plotted on the hydrographic survey of each period 
mentioned above and, using the shortest interval practical on the less inten- 
sive older surveys, the depths were read every 100 yards. Thus every hundred 
yards a point was established at which depths could be compared on successive 
surveys. As reported by the U. S. Coast and Geodetic Survey (correspondence 
from the Acting Director) there has been an 0.6 foot rise in sea level in the 
region between 1855 and the late 1940s. To allow for this in the present 
study concerned with bottom changes, a one-half foot correction factor was 
used when comparing soundings of the 1940s with those of earlier years. 


The points on these traverses that lie over slopes and channels are not 
well suited for this study. Though oystering is not limited to the crests of 
the bars, many such points are not over oyster bottom; their depths are like- 
ly to be altered primarily by hydrographic conditions, perhaps with little 
relation to oystering and oyster growth; and errors in surveying and draft- 
manship are exaggerated in contrasts over sloping surfaces. for this reason 
only those points over relatively level stretches of the bottom, well up on 
the bars, were compared. 


RESULTS AND DISCUSSION 
At 121 of the points compared (Table II) the bottom was more elevated in 
the 1850s than it was in the 1940s, whereas the reverse was true at 38 points. 


An anaylsis of the comparisons for the entire ninety-year period (Column B of 
Table II) is as follows: 


-0.82 to -1.38 ft. 


No. of points compared = 7S 

Mean of depth differences = -1.1 ft. 
Standard deviation of differences = 1.9 ft. 
t value = 729 


95% fiducial limits of differences 


{1 Point of Shoals Light and White Shoals Light, used as reference points in 
defining the traverses, are not operating but still stand. In some cases 
it was obvious that a traverse drafted on Moore's maps of the area crossed 
Slightly different grounds than when plotted on the hydrographic surveys 
of the U. S. Coast and Geodetic Survey. It was assumed that this was due 
chiefly to errors in Moore's maps. This does not, of course, affect the 
accuracy of comparisons between hydrographic surveys. 
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An analysis of the comparisons for the first 17-18 years (Column A of Table 
II is as follows: 


No. of points compared = 173 

Mean of depth differences = -0.3 ft. 

Standard deviation of differences = een Lb. 

% value = 1.8 

95% fiducial limits of differences = -0.04 to -0.64 ft. 


Thus, to the extent that these data represent the general history of the 
crests of the bars examined, they indicate that over the ninety-year span 
there has been a mean depth change of about one foot. This figure is statis- 
tically significant, far better than the 1% probability level, and lies with- 
in-relatively narrow fiducial limits that justify the approximation of one foot 
as to the magnitude of the change. The analysis for the first thirteen years 
leaves greater doubts as to the validity of the calculated depth change of 
0.3 feet. The low t value indicates that the mean difference is not highly 
significant and the fiducial limits indicate the change could have been a 
slight increase rather than a loss from the surface of the bars. 


Quite noticeable in survey comparisons is the almost complete disappear- 
ance of emergent or intertidal oyster shoals since the 1870s fsee; for exan- 
ple, the history of Brown Shoals as portrayed by traverse B B+ in Table II). 
Though the surveys do not always indicate it, it is probable that the typic- 
ally elongate, exposed areas in middle of the oyster grounds are intertidal 
oyster reefs. Ignoring the shoals adjacent to and thus essentially a part of 
the shore, approximately 12,000 yards of intertidal reef were noted from the 
1854-55 surveys, 17,000 yards in the 1871-73 surveys and less than 100 yards 
in recent surveys. On the original surveys there are so many indications of 
more thorough work in the 1870s than in the 1850s that the added reef measure- 
ments of the second period seem to result from more critical surveyings. On 
the other hand, the difference indicated between the 1870s and the 1940s seems 
real, as would be expected with a one-foot mean loss from the surfaces of the 
oyster bars and the half-foot rise in sea level. 


DISCUSSION 


The depth comparisons may be discussed under two interdependent headings: 
the net loss of surface over the ninety-year period and the variation from 
point to point. The existence of this variation is sometimes seen more vivid- 
ly by observing depth contours, as illustrated in Figure II of the White 
Shoals area. That the variability should be so pronounced seems to stress the 
importance of natural environmental factors, cutting, building and depositing 
sediments to mold the shape of the grounds, Thus the bars are quite dynamic, 
everchanging in form. Though the physical and biological forces involved 
must be set aside in this discussion as a complex not thoroughly analyzed, it 
is important to recognize that final effects involve an interaction between 
such natural forces and the fishery influences. Such interactions are simi- 
lar to those encountered in dealing with the many fishery populations that 
6bviously< vary sin \pesponse to-environmental forces. 
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Before considering the possible role of the fishery in the net decline 
of the bars, two forces should be mentioned that constantly tend to lessen 
the depth. Whatever oysters are on the bars continuously add to their shells 
and thus to the bottom development. Also sedimentation in the area tends to 
lessen water depths. Numerous data show that this is @ region of steep salin- 
ity gradients, due to the mixing of river discharge and sea water. Thus it is 
an area of salting out of matter in suspension, accompanied by a marked down- 
stream increase in the clarity of the water (see Chesapeake Bay Institute Data 
Report, No. 7, 1952, for tabulations of light transmission and salinity data). 
Whatever the sedimentation rate, it obviously has not fatally smothered the 
oyster grounds nor does it compare with the extreme deposition effects shown 
by Brown, Seavy and Rittenhouse (1939) for the York River and by Gottschalk 
(1945) for the upper Chesapeake Bay off the mouth of the Susquehanna River. 


To consider the effect of oystering in the overall decline in the sur- 
faces of the bars it is necessary to estimate the magnitude of shell removal 
by the fishery. Catch statistics applicable to the seed area, which coincides 
with the region of these depth comparisons except that the latter includes 
Brown Shoal (Traverse B B~), are the only records from which we might estimate 
shell removal rates. The harvest of seed oysters in Virginia is given in var- 
ious U. S. Fish and Wildlife Service (formerly U. S. Bureau of Fisheries) re- 
ports and is presented in what appear to be comparable summaries for the 1920- 
21 and the 1924-25 seasons and for the years 1929 through 1944. The average 
annual seed harvest in these years in terms of U. S. standard bushels was 
1,675,000. Since only seed oysters are harvested from the James River seed 
area and since the recorded Virginia seed harvest is almost entirely that of 
the James, it seems reasonable to use a rounded figure of 1,500,000 bushels 
to represent the annual removal during the period covered by the data. The 
use of the bars in the lower James River has changed through the years, but 
as Wharton's (1948) historical review suggests, oystering in the state was 
probably as intensive in the 1850s as it is today and the James River has al- 
ways been the center of this fishery. Thus the estimate of 1,500,000 bushels 
a year, taken from the region now defined as a seed area, may be used for the 
entire period since 1854. Of this harvest the actual volume in seed is 
small for the small oysters are generally attached to empty shells which may 
comprise about two-thirds of the total or 1,000,000 bushels annually. On the 
other hand, removal of empty shell from the surface of bars was undoubtedly 
less extreme in former years when the region was used more for market oysters 
For an approximation of the average annual removal of empty shell incidental 
to the removal of live oysters from this area since the 1850s, I will use a 
figure of 700,000 bushels. 


Tonging and shell removal obviously are concentrated in areas of dense 
growth and it is over such areas that most of the depth comparisons were 
made. Assuming that two-thirds of the estimated shell removal or 460,000 
bushels of shell came from areas of dense growth and noting that Moore (1910) 
found, on the bars of the present seed area, about 3200 acres with such 
growth, it may be estimated that the fishery has been depleting these surfaces 
at the rate of 0.05 inches a year. At such a rate a little less than 5 inch- 
es of shell would have been removed in the ninety-year period whereas the net 
decline at the points compared was about 1 foot. 
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These removal estimates, being extremely crude, cannot be used as a 
basis for critical interpretations. On the other hand, if one makes allow- 
ance for factors tending to build the bars and then estimates the removal of 
shell involved in the net loss of a foot, the figure must greatly exceed my 
estimates from catch records. This raises many questions. The catch records 
may fall far short of the actual harvest. The removal of shell may initiate 
depletion processes which exceed the amounts tonged from the bars. Possibly 
there has been some settling of the river bottom in general, producing a 
lowering of oyster bars. 


SUMMARY 


This study compares original U. S. Coast and Geodetic Survey depth obser- 
vations over the productive oyster bars of the lower James River for the peri- 
of 1854-55 through 1943-49. There was considerable variation in the physio- 
graphic changes in the surface of the oyster grounds during that period; how- 
ever, at most points depth comparisons indicated decline and the net effect 
was @ mean loss of about a foot in the elevation of the bars. 


The variations in depth comparisons and changes in the courses of depth 
contours indicate that oyster bars are quite dynamic, changing form in re- 
sponse to environmental factors. The physiographic history of these bars is, 
therefore, the result of both natural and fishery influences just as fishery 
populations have complex histories of interwoven fishing and environmental 
effects. 
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TABLE I. Location of Traverses of Oyster Bars in the Lower James River, Va. 


Distance 
5985 yds. 
6795 yds. 


6350 
55389 


2168 
3818 


1328 

315 
2025 
1455 


9030 
7680 
6210 
7585 


4058 
6488 


5640 
6010 


3188 
3855 


615 
4380 


yds. 
yds. 


yds. 
yds. 


yds. 
yds. 


yds. 
yds. 


yds. 
yds. 


yds. 
yds. 


yds. 
yds. 


yds. 
yds. 


yds. 
yds. 


yds. 
yds. 


Direction 
30.2°H ofS 
35. 6°HofS 


81.9°HofS 
76.0°HOfS 
87.9°HKofN 
65. 3° Kofi 
45. 6°WofN 
42. 5°WofN 
12. 3°HofN 
40.2°KofN 


86.4°HofS 
75.9°RofS 


75. 7°KOfS 
87. 8°KofN 
58.9 °KofN 
84. 3°HofS 
70. 8°KofN 
80.2°RofN 
78.7°KofS 
66.4°HofS 


25. 8°HofN 
77, 2° KofN 


of 
of 


of 
of 


of 
of 


of 
of 


of 
of 


of 
of 


of 
of 


of 
of 


of 
of 


of 
of 


of 
of 


Reference 


Wh. Shoal 
Wh. Shoal 


e Shoal 
Shoal 
Shoal 
Shoal 


Shoal 
Shoal 


Shoal 
Shoal 


Shoal 
Shoal 


Shoal 
Shoal 
Shoal 
Shoal 


Shoal 
Shoal 


Shoal 
Shoal 


Shoal 
Shoal 


Pt. 
Pt. 


Pt. 
Pt. 


Pt. 
Pt. 


Pt. 
Pt. 


Pt. 
Pte 


1c 
Pt. 


Lt. 
Lt. 


Lit. 
Lt. 


Lt. 
Lt. 


Lt. 
Lt. 


Lt. 
Lt. 


Lt. 
Lt. 


Lt. 
Lt. 


Lt. 
Lt. 


Lt. 
Lt. 


Lt. 
Lt. 


Lt. 
Lt. 
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Traverse Description 
1000 yds.across Fishing Point Rocks 


1000 yds.across Brown Shoal 


2000 
1000 
1000 
2000 
4000 
4000 
1000 
1000 


4000 


yds.across 


yds. across 


yds.across 


yds.across 


yds.across 


yds.across 


yds.across 


yds.across 


yds.across 


Kettle Hole Rock 
White Shoal 

Thomas Point Rock 
Wreck Shoal 

Wreck Shoal 
Mulberry Swash Rock 
Marshy Rock 

Point of Shoals Rock 


Long Shoal & Swash Rock 


TABLE II. Changes in Depths at 100-Yard Intervals over Oyster Bars in 


Points 
Traverse Compared 


asl mm 
Bp 9 
oct 17 
pp? 8 
Ex 9 
Fr 18 
cc? 36 
HH? 19 
rit 11 
que 7 
xx? 26 


the James River, Virginia 


Mean Depth* 


1854-55 


10 


10 


Change from Change from 
1854-55 1854-55 to 
to 1871-73 1943-48, plus 3** 
Average Range Average Range 
-0.6 -3 to #1 -0.4 -23 to 43 
-3.0 -4 to 0 -4.4 -5s to -2 
70.5 -2} to 44 {0.3 -24 to 443 
40.8 -53 to 74 -1.5 -73 to /25 
0.0 -2 to /2z. -0.6 -24 tof 3 
-2.3 -6 toflg -2.5 -63 to 0 
-0.3 <5, st0icf6n al) —1.0 -34 to 43 
40.3 -45 to 45 0.0 -33 to #23 
-0.7 -2 00 -0.5 -1¢% to /1 
-0.7 -2 to 0 -1.3 -23 to -% 
40.9 -43 to /6 -0.7 -4i to {5 


“ These are mean depths, to the nearest 3 foot, below mean low water at the 


point compared. 


** This offsets an approximate 0.6 foot rise in 


the 1850s. 
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jsea level in the region since 


COMPARISON OF THE M. F. TECHNIQUE AND THE M.P.N. TECHNIQUE IN 
EXAMINATION OF SEA WATER 


By M. W. Presnell, W. Arcisz, and C. B. Kelly 


Shellfish Sanitation Laboratory, Environmental Health Center 
U. S. Department of Health, Education, and Welfare 


Results of a study comparing coliform density values of sea water ob- 
tained by the membrane filter (M.F.) and the most probable number (M.P. yn) ¢ (1) 
procedures established the former method as a reliable technique, if due re- 
gard is given to turbidities and bacterial densities in determining the vol- 
ume of sample for filtration.. the two techniques gave results 87.1 percent 
in agreement. 


The time and material saving features of the M.F. methal make it partic- 
ularly desirable for examining the frequently large number of samples required 
for determining sanitary quality of waters in shellfish-producing areas. The 
Manual fey ee commended Practice for the Sanitary Control of the Shellfish In- 
dus try stipulates that, in making bacteriological examinations of shell- 
fish-producing areas, the number of samples from each station should be suf- 
ficient to give a true picture of the number of coliform organisms present in 
the water under the various tide and weather conditions occurring during the 
shellfish harvesting period. The minimum number of samples required varies, 
but where examinations are made to define the line between approved and re- 
stricted areas, at least 15 samples per station, during the period of survey, 
appear necessary. 


The advantages of the membrane filter (3, ae bacteriological examination 
of fresh water sources have been indicated It has also been suggested 
that the membrane filter (M.F.) method gives coliform densities Mane to 
those obtained by the M.P.N. procedure, as applied to fresh water Goetz 

reports that, in an ocean water survey, results obtained by the M.F. 
method were more consistent and accurate than data gathered by standard M.P.N. 
procedures. 


Considering the advantages of the M.F. method in the bacteriological ex- 
amination of fresh water, it was deemed advisable to initiate a study de- 
signed to demonstrate the comparative performance of the membrane filter in 


the examination of sea water._1/ Consequently, the present study was under- 
taken to determine: 


1. The comparison of coliform density values obtained by the membrane 
filter and the standard M.P.N. procedure. 


_1/ This study was conducted in the United States Public Health Service 
Shellfish Sanitation Laboratory located in Woods Hole, Massachusetts. 
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2. The effect of bacterial densities on the agreement of results by 
the two methods. 


3. The influence of turbidity on the agreement of results by the M.F. 
and M.P.N. procedures. 


Materials and Methods 


Water samples were collected from three stations predetermined on the 
basis of degree of pollution and turbidity. An effort was made to choose sta-— 
tions approximately representative of water qualities defining the three areas 
of pollution pertaining to shellfish production. Station A represents an ap- 
proved area (median coliform M.P.N. per 100 ml., 70 or less); Station B, a 
restricted area (median coliform M.P.N.per 100 ml., 70 to 700); and Station C, 
@ closed area (median coliform M.P.N.per 100 ml., more than 700). 


Samples were collected twice daily from the three stations at approxi- 
mately 8:30 a.m. and 1:30 p.m. over a period of time extending from November 
1952 through February 1953. During this period, tide stages and weather con- 
ditions varied widely. 


All sample collections were made according to standard procedures(7), 
Sterile, brown glass bottles with bakelite screw caps, having a capacity of 
625 milliliters, were used for collecting and containing samples. 


The elapsed time between the collection and the bacteriological examina- 
tion of a sample never exceeded two hours. Samples were stored at a tempera- 
ture between 6°C. and 10°C. until examined. 


Quantities of a sample used to determine coliform densities by the M.P.N. 
and the M.F. methods were from the same bottle. Mixing of the sample was ob- 
tained by shaking the sample bottle vigorously, 25 times. 


Burpee ty readings were determined by procedures outlined in Standard 
Methods and were made on that portion of a sample remaining after approp- 
riate quantities for bacteriological examination had been withdrawn. 


The M.P.N. method for determining the bacterial density of a sample con- 
sisted of planting five replicate quantities in at least four decimal dilu- 
tions in lactose apen- Gas producing tubes were confirmed in brilliant 
green bile broth ny, 


filtration techniques, culture media and incubation conditions omplose 
were those developed and recommended by the Environmental Health Center ° 
Sterilization of the filtration apparatus, membrane filter and nutrient pads 
was accomplished by autoclaving at 121°C. for 15 minutes. 


It was found that satisfactory sterilization of membrane filters by 
autoclaving was obtained by the following method: 
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Approximately 10 filters as shipped, i.e., between nutrient pads and 
paper discs, were placed in covered petri dishes and autoclaved. Care was 
taken to limit the height of the stack of filters per petri dish to a point 
sufficiently low to prevent the top of the dish from contacting the stack of 
filters. This precaution was necessary since it was found that the weight 
of the petri dish cover exerted sufficient pressure at sterilization temp- 
eratures to cause adherence of the membrane filter to its protective cover- 
ings. Filters and pads were stacked vertically in petri dishes. lHdges of 
tee se were not allowed to project from between their protective covers. 

Vomplete coverage of each filter during autoclaving prevented filter edges 
from curling and becoming brittle. 


To increase the accuracy of colony counts and to minimize the suppress- 
ive effects of excessive bacterial density on coliform recovery rates, an at- 
tempt was inade to filter sample volumes yielding not more than 350 total col- 
onies per M.F. In the present study, the choice of sample volumes filtered 
per M.F. from the three sampling stations warrants discussion. 


On the basis of previous coliform densities obtained by the M.P.N. meth- 
od, filtration of 100 ml. of sample from Station A was indicated. Though it 
was possible to pass as much as 600 ml. of water (average turbidity 8 P.P.M.) 
from Station A through a filter without its being clogged, volumes in excess 
of 50 ml. produced @ mat-like overgrowth. By using five membranes and filter- 
ing five 20 ml. portions of sample instead of one 100 ml. »sortion, no over- 
growth was noted and the total colony count of the five membranes was never in 
excess of 350 colonies. 


It is postulated that certain types of extraneous matter on the M.F. sur- 
face serve as a"blotter" to hold fluid which encourages diffuse growth of 
organisms, thus preventing colony formation. It was noted that overgrowth by 
non-coliform organisms rarely occurred on filters having moderate to light 
depositions of extraneous matter. Granular extraneous matter, when unaccompan- 
ied by fine suspended silt like material, did not interfere with colony forma- 
tion or serve as @ bridge for coalescence. 


‘xperiments employing various turbidity concentrations and various par- 
ticle sizes and shapes would have to be performed before any definite rela- 
tionship between turbidities and colony growth and formation could be estab- 
lished. 


Bacterial densities in waters from Stations B and G showed such wide 
morning to afternoon and day to day fluctuations, that it was impossible to 
obtain desired results by employing only one volume of sample for filtration. 
Satisfactory meabrane counts were obtained by filtering 20 ml., 10 ml., and 
1 ml. portions from Station 8 and 1.0 ml. and 0.1 ml. portions from Station 
C. Vor increased accuracy, duplicate membranes were examined for each sample 
volume. 


Though average turbidities of waters from Stations B and C were relative- 
ly high, 20 and 14 F.P.M. respectively, no clogged and few overgrown filters 
resulted even from the maximum volume of water filtered, i.e., 20 ml. 
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Results 


Tables 1, 2 and 3 present data obtained from Stations A, B and C re- 
spectively. 


Table 1 is self-explanatory. In Tables 2 and 3, the method of calcu- 
lating M.F. counts per 100 ml. needs description. Valid M.F. counts from all 
volumes of a sample filtered were included in calculating M.F. coliform 
counts per 100 ml. Membrane counts were deemed valid if filters were free 
from evidence of overcrowding, overgrowth and excessive non-coliform organ- 
isms. 


Calculations were made by the following method of computation: 


Total number coliform organisms X 100 = number organisms per 100 ml. 
Total volume sample filtered 


For example, in sample 9, Table 2, M.F. counts from all sample volumes fil- 
tered (duplicate 20, 10 and 1 ml. quantities) were valid. Totaling coliform 
counts and volumes of water filtered and applying the above equation we have: 
a Ss X 100 = 120 organisms per 100 ml. of sample. 

Table 4 gives the percentage of agreement between bacterial densities ob- 
tained from samples by the M.F. and M.P.N. methods. The 95 percent confidence 
range of the recorded M.P.N. (Tables 1,2,3) was used as a base line for com- 
parison. (For a 5-tube three dilution test, the 95 percent confidence range 
is the difference between Sere yore and upper limits; namely, 0.3 to 2.9 
times the calculated M.P.N.) 8), The 95 percent confidence limits were ob- 
tained by multiplying the recorded M.P.N.'s by the factors 0.3 and 2.9. 

Those M.F. counts falling within these limits were considered in agreement. 


The percentage agreement of results by the two methods was higher for 
waters of high coliform density than for waters of low and moderate coliform 
content. 


Summary and conclusions 


Coliform densities were obtained by simultaneous examination of sea 
water samples by the M.F. and M.P.N. methods. A comparison of the data so 
obtained revealed that the two techniques gave results 87.1 percent in agree- 
ment. 


Results obtained by the M.F. and M.P.N. methods from waters having large 
coliform counts gave greater percentage agreement than results obtained from 
waters having a low coliform count. 


Water turbidity can greatly influence the coliform recovery rate and 


should be considered in conjunction with the bacterial density in determining 
the volume of sample to be filtered. 
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The use of small replicate volumes of water is indicated where a single 


large volume from sources having low bacterial numbers produces overgrowth. 


On the basis of results from the present study, it is concluded that the 


M.F. method is a reliable technique for determining the coliform densities of 
sea water if due regard is given water turbidities and bacterial densities in 
determining the volume of sample for filtration. 
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TABLE 1.-- Coliform Densities Obtained by M.F. and M.P.N. Methods 


Station A* 


Turbidity M.F. Count M.P.N. 
pemps-6 Nos PPM ee per .00- mb, ee... per 100 UmTe 
1 5 2 4.5 
2 Is) 170 920 
3 5 5 2 
4 5 2 r=) 
5 5) 2 2 
6 20 i? 33 
t¢ 20 3 Tots) 
8 20 al 13 
9 10 4 4 
10 10 2) 2 
ail 10 59 79 
2 10 4 6.8 
13 10 wl 79 
14 10 2 ANZ, 
as) 5 3 2 
16 5 18 46 
ilye 5} ial v2) 
18 10 5 13 
19 10 8 708 
20 5 iF 13 
el 5 5 4.5 
ee 10 5 ay, 
25 10 2 2 
24 5 3 ee, 
25 5 20 22 
26 5 2 1.8 
27 10 ak This} 
28 10 9 2 
29 5 ti 4.5 
30 20 2 2 
bl 5) 12 23 
32 10 2 4.5 
33 10 6 7.8 
34 10 4 4.5 
35 10 32 46 
36 10 plele iy? 
37 5 1 6.8 
38 5 i 138 
39 10 re) 53 
40 10 6 Gao 
41 10 29 7, 
42 10 4A 2 
43 10 22 13 
44 5 110 33 
45 5 35 33 
46 5 3 4.5 


* 20 ml. filtered per membrane filter. 
** Total count of 5 membrane filters. 
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TABLE 2.-- Coliform Densities Obtained by M.¥. and M.P.N. Methods 


tation B 
Turbidity Calculated M.F. M.P.N. 
Sample No. PsP. M. Count per 100 ml. per 100 ml. 

i 5 50 49 
2 5 180 490 
3 10 290 700 
4 10 270 170 
5 10 150 220 
6 10 480 790 
li 10 110 490 
8 10 40 220 
9 30 120 230 
10 30 80 170 
atal 30 890 2,400 
12 20 470 700 
13 30 840 3,500 
14 50 910 2,400 
15 20 360 790 
16 50 1,200 5,400 
if) 10 280 1,100 
18 20 3540 170 
19 5 730 1, 700 
20 20 160 490 
21 20 2,800 7,900 
22 20 2,100 6,400 
23 20 2,900 4,900 
24 20 12,000 OCS 
25 5 310 490 
26 20 L20 250 
27 20 500 490 
28 50 650 640 
29 30 2,000 2,500 
30 50 600 1,100 
31 50 3,100 4,900 
32 50 1,100 790 
33 50 4,000 4,900 
34 10 560 790 
35 10 250 460 
36 20 2,000 1,400 
37 20 1,000 3,500 
38 10 650 4,500 
39 20 2,500 4,900 
40 20 1,100 2,400 
41 20 2,700 11,000 
42 10 2,000 1,300 
43 2Q 440 950 
44 10 1,500 1,400 
45 5 500 330 
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TABLE 3. -- Coliform Densities Obtained by M.F. and M.P.N. Methods 


Station C 
urbidity Calculated M.F. M.P.N. 


Sample No. _._-=S—P.P.M. CC Count_per 100 ml. _per 100 ml. 
im 5 2,500 7,900 
2 5 9,500 7,900 
3 5 860 1,300 
4 5 500 460 
5 5 9,900 11,000 
6 5 1,200 3, 

7 30 5,500 4,900 

8 30 12,000 35,000 

9 20 4,800 

10 20 7,600 17,000 
11 10 16,000 11,000 
12 10 4,700 3,300 
13 20 54,000 24,000 
14 20 5,000 4,900 
15 20 2,000 4,900 
16 20 19,000 35,000 
ay 20 7,700 7,900 
18 20 3,500 11,000 
19 20 5,300 : 
20 20 76,000 54,000 
21 20 14,000 13,000 
22 20 140,000 110,000 
23 5 84,000 110,000 
24 5 150 78 
25 10 2,900 7,900 
26 20 1, 800 2,300 
27 10 3, 800 11,000 
28 20 23,000 23,000 
29 20 140,000 130,000 
30 20 7,000 13,000 
31 20 4,200 4,600 
32 20 7,400 13,000 
33 10 3, 300 3,300 
34 20 6,800 3,300 
35 10 16,000 33,000 
36 20 2, 800 1,300 
37 20 6,000 11, 000 
38 10 11,000 4,900 
39 10 4,800 7,900 
40 20 23,000 46,000 
41 10 5,100 3, 300 
42 10 5,600 4,900 
43 10 3,800 3, 300 
44 20 1,000 2,200 
45 10 240, 000 130,000 
46 5 14,000 23,000 
47 10 13,000 13,000 
48 5 91,000 220,000 
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TABLE 4. -- Comparison of Coliform Densities Obtained by M.F. and 
M.P.N. Methods Using 95 percent Confidence Limit of 


Recorded M.P.N. as a Base Line 


Stations A, B and © 


Average Number of Number of 
Turbidity Number of Samples Samples Percent 

Station PPM Samples Agreeing Disagreeing Agreement 

A 8 46 36 10 78.3 

B 20 45 37 8 82.3 

C 14 48 48 O 100 
Totals 14 139 lel 18 Sze 
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